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INTRODUCTION 

This report includes abstracts and bibliographic lists on major 

contractual subiects that were completed in December,  1972.    The major 

tcpics are:   laser technology,  effects of strong explosions,  geosciences, 

ard particle beams.    Sections on material science and on items of 

miscellaneous interest are included OB optional topics.    A preliminary- 

draft report on Soviet Developments in Climatology has been published 

under separate cover as an additional optional topic. 

To avoid duplication in reporting,   only lasf.-r entries concerning 

high-power effects are routinely included,  since all current laser mater- 

ial appears regularly in the quarterly bibliographies. 

'! 

An index identifying source abbreviations and a first-author index to 

the abstracts are appended.    Since this is the final report fcr 1972,  a 

cumulative author index for all 1972 abstracts has also been included. 
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A.     Abstracts 

1.    Laser Technolot 

Danileyko,   Yu.  K. . A. A.  Manenkov,   V.  S. 

Nechitaylo.  A.   M.   Prokhorov,  and V.   Ya. 

Khaimo^Mal'kov.    Role of absorhin^ 

inclusions in the destruction of tr^n«^,.^ 

dielectrics by laser radiation.    ZhETF.   v.  63, 

no.  3,   1972,   1031-1035. 

A theory is presented on the process of thermal destruction 

of transparent dielectrics,  accounting for nonlinearities of the absorbing 
inclusion, a. well as the «urroundina „^ix.    The theory attempt8 to 

prove that the destruction is clearly of a threshold nature and is always 

accompanied by high-temperature radiation spark similar to laser break- 
down in gases. 

An equation of thermal conductivity is used to describe the 

laser heating of an absorbing spherical particle of radius a and its aurroundin* 

medmm.    For temperature nonlinearities of the value Q (I.  T).  representing 

the therma. source power,   various laws and approximations may be used 

based on the radiation absorpticn mechanism or the temperature interval. 

The author, selected an experimental temperature dependence for the Q (I    T) 

value,  and an inver.ely proportional dependence for the thermal conductivity 

K (T) value.    Two solutions for the thermal conductivity equation were analyzed 

as a function of the laser pulse duration.    For long pulses when tit. 
ToClPl a  lmV  ****• T. is the initial specimen temperature;  and C X   D 

mx are the specific heat,  density and the constant of the particle mattlr   '' 

respectively),  the solution of the thermal conductivity equation is given in the 

form of an implicit integral relationship between tf. and Q The 

t threshold value denotes the time preceding the mom^nt when tt Temper a tu re 

in the center of an inclusion begin, to ri.e rapidly,   similar to an avalanching 

and equavalent to the onset of deftruction.    The other threshold value.   Q. 

is the threshold rapacity of destruction.    The analysis indicate, that the ' 

destruction process is of a thermal explosion nature.    The maximum 
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attainable temperature in the absorbing inclusion is not pertinent in 

determinations of destruction thresholds.    The latter temperature value 

governs the magnitude of maximum stresses in the surrounding matrix; 

and consequently,  also the nature,   scope and the dynamics of destructions 

in the matrix.    For short laser pulses when T« T   ,  it is concluded that it 

is not necessary to determine the critical temperature in order to estimate 

the Qju     -L fo*" medium-size ncnlinearity parameters. 

I 
I 
I 

The theory developed in the article proves that the threchold 

of destruction strongly depends on the tize of inclusions, the thermal and 

optical constants,  and the temperature nonlinearity.    Numerical estimates 

are given for the threshold destruction of glass with 2a = 10      cm    platinum 
-8 inclusions from a laser pulse of      T = 3x10      sec,   yielding an I L       .of    ~ 

7 2 .1 thresh = 
8x10    watt/cm  .    For ruby crystals with 2a = 3xlo'    cm nickel particle inclu- 

-8 14 
sions and  pulse duration   T = 3x10      sec, with T» r  ,  Q « 2x10      watt/ 

2 9 2 x       thresh 
cm       and L^      .* 7x10    watt/cm    values are obtained. 

Lokhov,   Yu.  N. ,  G.  V.  Rozhnov,   and I.  I. 

Shvyrkova.    Kinetics of forming a liquid 

phase from the action of a point heat source, 

taking heat of phase transition into account. 

FiKhOM.  no. 3,   1972,  9-17. 

The article presents a quantitative description of the melting 

process of aemiinfinite heat-conducting solids under the impact of a surface 

point heat source of constant intensity with allowance for the phase transition 

temperature.   Analytical assumptions are:   I)   the source surface power 

density does not exceed 10 w/cm   ,   thus avoiding the problem of material 

vaporization and the related gas-dynamic effects; 2) the material is an ideal 

black body; 3)  the liquid and solid phase thermophysical parameters are not a 

function of temperature; 4) the material density remains constant during the 

melting process and 5) the stabilization time of the maximum melting radius 

for most metals does not exceed hundredths of a millisecond allowing the 

heat exchange between the liquid and solid phases and the environment to be 

-2- 
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ignored and reducing the problem to a spherically-symmetrical one. 

The spherically-symmetrical problem is given as a set 

of heat conductivity equations for liquid and solid phase    temperature 

distributions with corresponding initial and boundary conditions.    For the 

solution,    the velocity of phase transition boundary motion  is determined from tl 

energy balance.    For small time intervals the velocity is much higher than 

that of diffusion in a liquid medium.    Experimental data have shown that 

turbulence in this medium controls the hydrodynamic nature of heat transfer 

in a meUed material.    The turbulent temperature conductivity is of the order 

of 0.) cm   /sec, which results in a rapid mixing and levelling of temperature 

up to the melting temperature T 
m 

At specific material heat source parameters and thermo- 

physical properties,  the solution obtained enables the size of the melted zone to 

be determined as well as the  T      value,  for the time of heat source exposure 

needed to form the melted zone.    Both the zone size and the T      are dependent 01 
m r 

the melting temperature.    The solutions obtained confirm the assumption 

that for most  metals the liquid phase temperature is constant over the total 

time interval (steel is the only exception due to its low heat conductivity). 

The authors demoi strate the qualitative agreement of 

estimates derived from the formulas with experimental data obtained using 

a focused laser pulse as a point heat source (energy - 0. 1 joule,   duration - 

r=   I ms,  under the conditions T>T    ).    Temperature distribution data along 

the solid phase are also presented in computer-aided numerical solution form. 

It is shown that the stationary state stabilization and the heating depth of the 

solid phase are largely a function of the phase transition temperature. 

J 
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Batanov,   V. A. ,  F.   V.  Bunkin, A.  M. 

Prokhorov,  and V.   B.  Fedorov. 

Vaporization of metal targets from high- 

intensity optical radiation.    ZhETF,  v.  63, 

no.  2,   1972,   586-608. 

In an extensive study of laser interaction with metals, 

theoretical and experimental data are given on metal liquid-vapor phase 

transition,  the increased transparency wave in metals,  ejection of matter 

and recoil impulses at the target,  and laser irradiation of Bi and Pb targets. 

Calculations indicate that when the intensity of incident radiation exceeds 

some threshold value Ithre8h the target surface temperature of a~l0"3 cm 

thick layer will be higher than either the normal boiling temperature or 

melting temperature; the vaporization consequently proceeds from the liquid 
metal. 

Evidence is shown that at a critical intensity I     , a 
md 

transparency wave" appears in the vapor products,  at the front of which 

the metal vapor takes on dielectric properties.    The authors then trace the 

behaviour of the complex dielectric permittivity of target matter when 

radiation intensity passes through the point I     ..    At this moment.the 
md ' 

coefficient of reflection R from the target drops to one fifth of its initial 

value,   but with further increases I > I     . the coefficient decreases  more 
slowly (see Fig.  I). 

* 

I,*!)! 

Fig.   I.    Dependence of reflection 
coefficient R un intensity I of incident 
light.    Decrease of R in the region I» 
^d follows the law R~l/l2. 

-4- 
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An increase of radiation intensity above I    , does not 
md 

increase the target surface temperature; rather the resulting energy 

is used in moving the front of the increased-transparency wave deeper 

into the target.    The velocity of the increased-transparency wave D in 

relation to "cold" metals is computed from the laws of conservation of 

matter,   pulse and energy.    It is shown that at the initial stage of increased 

transparency,  when the excess intensity I over the transparency threshold 

■'■id ^   i8 the ab80rPtion coefficient) is low,   D is linearly dependent on I. 
r 

Imd 
Fig.  2.    Dependence of the rate 
of front vaporization U and the velocity 
of the increased-transparency wave D 
on incident light intensity. 

Dependence of the rate of vaporization of the front wave U on intensity I of 

incident radiation is also examined.    A sharp deviation of linear dependence 

U(I) at the threshold point I    , is caused by an increase in absorptive capacity 

(I  - R) of the target surface.   At I = I     . the velocity of U reaches a maximum, 

but a further increase of I stops the vaporization front(U= 0),  and immediately 

removes it from the "cold" metal (U<0),  as seen in Fig.  2, 

- 

Ejection of matter and recoil impulses provide additional 

experimental data on processes at the target,  as predetermined by 

conditions at the phase boundary.    Formulas are given for specific values 

of the recoil pulse J and ejected mass    Am with respect to their relations 

to total energy E    in the radiation pulse.    Experiments were conducted with 

, 
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lasera of up to 10 J at a pulse duration of   r = 0.8 millisfcc,  permitting 

operation on large radiation-exposed ppots to achieve uniform vaporization. 

Tests were carried out at atmospheric pressure using Bi and Pb targets. 

Experimental data were obtained that verified the suggested mechan:«m 

of metal vaporization under the impact of a high-intensity laser beam. 

From experimental relations D/E   ,  maxima W«r« traced at the I     . 
6 2 7 2 

values    «3x10    w/cm    for bismuth,  and «2.5x10    w/cm    for lead.    The 

corresponding values for T    d were   «2500° K for Bi and  «3350    K for Pb. 

Aluminum targets were also tested and it was determined 

that the crater shape had a strong effect on the recoil impulse.    The 

authors present additional data on the vaporization of metal targets by 

high-intensity laser beams and conclude thai; the gas-dynamic structure 

cf a plasma flare is tine-independent; its Shockwave is fixed with respect to 

the target,   and the ambient pressure is < I r.tm.    This is of particular 

importance for the evaluation of ejecta,   since it bypasses the role of the 

liquid phase,  in contrast to the usual method of weighing the target before 

and after the test. 

Batanov,   B. A. ,   F.   V.   Bunkin, A.  M. 

Prokhorov,  and V.   B.  Fedorov.    Self: 

focusing of light iu plasma and a super- 

sonic ior.ization wave in the laser beam. 

ZhETF I^v.  16.  no.  7,  1972,  378-382. 

A plasma flare was generated,   characterized by almost 

total absorption of internal laser radiation.    The process occurred during 

progressive vaporization of a bismuth target in a helium atmosphere 

(pressure P    = 2.5-5 atm) by a las^r beam ( X= 1.06^ at an intensity of 

■ 6- 
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7 2 
I «10   w/cm    and I ms pulse width).    A time Bean of the bismuth 

plasma flare is presented containing a time stabilized flare cross-section 

which shows that as a result of flare expansion the internal   pressure P 

becomes equal to the external pressure P  .    The plasma is sustained by 

the beam in a slow burning mode.    The condition for maintaining the plasma 

in the beam is expressed by al = Q,  where Q is the radiation recombination 

loss.    The plasma temperature T and electron density n   are calculated from th< 

condition P = P    by the time and length averaged coefficient of inhibition 

an 0.4 cm    .    Self-focusing instability also develops in a plasma cloud 

at P = P  .    The laser beam,   at a level n ~P  /T^P   /I,   generates a plasma o e      o o 
crosb-section profile «= I - const x n  ,  similar ^o the profile I, with a 

maximum on the beam axis.    The plasma beam itself focuses on the profile 

<   , which is made possible by the plasma low thermal conductivity.    As a 

result of self-focusing and an   absorption burst,  a plasma bunch is formed in 

cold vapor.    The characteristics of this process are:   I) taking beam attenuation 
7 2 into account,  plp.sma lens focus intensity I ^,  1.5x10    w/cm    is lower than 

the optical breakdown threshold; 2) the bunch is formed at the target and 

not in the plasma leno focus; and 3) the burst taki.s much longer to develop 
-4        -5 

(~10     - 10      sec)   than breakdovn into avalanche ionization.    The bunch move- 

ment toward the be^m is in the form of a supersonic ionization wave along the 

cold vapor between the target and the drifting plasma; one-dimensional 

propagation of the wave proceeds through l-^ser beam energy absorption in the 

wave.    The velocity of the burst luminescence region exceeds that of the 

plasma cloud drifting away from the target.    The bunch then overtakee the 

drifting plasma and the process repeats itself.    Six cycles of instability 

self-focusing with increased periodicity were established. 

-7- 
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geometry are far more elective in capturing and retaining bunches of 

dense laser-produced plasma than the plug-type trap« (probkotron.). 

A ruby laser.   150 x 12 mm at an energy of 0.15 joule and 50 n.ec pulse 

durations focused on a flat titanium target surface in a vacuum chamber 

at 3x10     torr. A plasma bunch front   of n^O^cm"3 density moved along 

the trap axis at a velocity v = (4-5). 106 cm/e.c.    The total number of 

particle, in the plasma bunch was determined from the mean energy of the 

bunch,  target mass mea.ureme its.  and chamber pulse pressure variations 

In all three cases the total was determined to be N = 3xl016 particles. An 

SHF generator (*= 0.8 cm) was used to measure laser plasma physical 

characteristics.    The UW cutoff of the freely expanding plasma bunch 

5 cm from the target was r = 1. 2-1.4 ^sec.    This value increased sharply 

with an increase in magnetic field intensity in the trap.    Results are- 

in antiplug traps r. l60Ksec at an intensity of H = 6 koe; in plug-type trap, 

r was 25 Mec at 7-8 koe.    The injected plasma in the trap was photographed 

durxng the trapping process and two different patterns were again observed 

as a function of trap geometry.    In the antiplug traps, the plasma bunch 

moving along the magnetic field filled the trap; as revealed by the photo- 

graphs,  part of .he bunch was disk-shaped and remained stable   longer. 

Increases of r were accompanied by increased flow energy q moving through the 

trap equatorial slot.    It was observed that for the plug-type traps,although 

an mcrea.e of field resulted in a specific increase in time during which the 

pla^a remained ia the trap, this dependence  is ra.ner weak; with increased 

intensity,  the plaoma was also compressed into a narrow filament.    The 

authors suggest that the brevity of plasma entrapment may be due to the 
nonuniformity of trap filling. 

•9- 
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Alkhimov, A.   P.,   V.  F,  Klimkin, A.  I. 

Ponomarenko,  andR.  I. Soloukhin.    On 

the Jevelopment of a discharge initiated 

by a laser spark.    10th Int.  Conf.   Phenomena 

loniz.    Gases,  Oxford,   1971.    Oxford, 

1971,   227 (RZh Mekh,   8/72,  no.  8 B196) 

(Translation) 

A study is made of the initial stages of the formation of 

a laser-initiated discharge in air at atmospheric pressures (Al electrodes 

10 cm in diameter,  gap 15 mm,   voltage - about 35 kv).    The time relation- 

ships of the radiation intensity of a Nd laser (pulse-30 nanosec,  power ~ 

20 Mw) and the discharge current are registered, in addition a study is made, 

by means of an electronicoptical converter under conditions of scanning 

and frame photography,   of the pattern of discharge development over 

nanosecond intervals.    The discharge commences with the formation of a 

plasmoid in the cathode region independently of the point of laser-beam 

focusing with progressive development of a streamer moving toward the a.-«ode 

(rate of motion ~10    cm/sec) and closure of the gap.    An examination iF mad- 

of the qualitative pattern of the pi ysical processes taking place during this 
time.    - 

I 

Arifov,  T.  U.,  and I.  M. Rayevskiy. 

Laser plasma charging of magnetic 

traps.    ZhTF,   no.  8,   1972,  1764-1766. 

Data are presented on plasma behaviour in magnetic traps 

of two different configurations,   referred to as "plug-type" and "antiplug- 

type".    Experiments have shown that magnetic traps with "anti-plug" 

-8- 
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Knyazev,  I.   N. .  and V. S.  Letokhov. 

Stimulated radiation in the far vacuum u-v 

from fast heating of an electron plaBma 

by ultrashort optical pulses.    OiS,  v. 33, 

no.  1,   1972,   110-115. 

Laser excitation in a rising electron avalanche is not 

advantageous in the short-wave range because:   1) as long as the neutral 

gas predominates in the plasma,  the electron avalanche proceeds at a high 

speed but owing to photoabsorption there is no emission at short-wave 

transitions; and 2) when neutral gas burns out and the plasma becomes 

transparent for transitions in the far vacuum   ultraviolet,  ionization 

velocity drops drastically,  hindering inversion.    The authors propose 

using ultrashort pulses of an electric or optical field with üS> a"    for 

electron heating in a dense plasma where n^lO    -10     cm'    and z~5.    The 

heating should proceed until a temperature is reached sufficient to excite 

the upper operating level without substantially increasing the electron density. 

The use of short-wave electric pulses does not require the same high degree 

of initial plasma density typical of light pulses.    The above method yields 

the maximum critical excitation velocity on the order of the collision 

frequency l/ef{ between ions and electrons; energy absorbed by the plasma 

is used for electron heating.    Optimal excitation of operating levels of 

the above type of short-wave laser occurs when electrons are heated to an 

energy that corresponds to the maximal cross-section,  at a time   At«Ar1 . 

which is smaller than the reciprocal value of the operating transition 

probability; it is thus feasible to obtain amplification factors'* lO-K^cm'1 

in the vicinity of   X«500A.      The authors calculate inversion excitation 

during propagation of ultrashort light pulses in plasma.    Results suggest 

that by using a neodymium laser pulse of   At ■ 10"   ^ec duration and I joule 

energy it is possible to heat plasma   of ne ~ 2xlOl9cTn'3 and z=5   to an energy 

of ~160 ev.    This energy may be optimally used at an ~l. 5 cm length and 

« 10     cm    cross-section area. 

10. 
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Rezvov, A.  V.    Effective boundary 

conditions in the theory of e-m wave 

penetration into plasma.    ZhTF,  no. 6, 

1972,  1120-1129. 

The spatial structure of an e-m field in a semi-bounded 

plasma, is calculated for incidence of a p-polarized plane wave at an angle 

0 (vector E lies in the plane of incidence),  or surface wave propagation 

along the boundary.    The specific case is analyzed of a frequency ranee 
■»22 22? •>      ■> 

satisfying the inequalitieb    a;"»!/   ; CO » 1^1./c •up;   O) - cop   > WD V   Ic 

sin 9, which permits omission of the effects of particle collisions.    A 

Maxwellian distribution of particle velocities is assumed.    The author    proceed« 

from expressions for Fourier components of the e-m field which were 

obtained from a simultaneous solution of the Maxwell equation ar J the 

Boltzmann kineti». equation. 

The spatial distribution of a plasma e-m field includes both 

plane waves and a spatially   anharmonic component,  and comprises a 

superposition of free oscillations.    The latter are determined from the analytica 

properties of permittivity dispersion functions and particle    interactions with 

the plasma surface.   Solutions are given for the mirror reflection model 

and for the conditions of particle diffuse scattering on the plasma boundary. 

Based on the values obtained for longitudinal and transverse wave amplitudes 

induced in plasma,  the author concludes that the same results may also 

be obtained by the standard phenomenological method if the bounda-y conditions 

of the e-m field components are supplemented or slightly modified.    Such 

effective boundary conditions are outlined by the authors in solving the 

problem of plane e-m wave incidence on a plasma boundary at the angle 0. 

I 
-11- 
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Tyurin, Ye. L. , and V. A. Shcheglov. 

Radiant heat wave in a moving plasma. 

ZhTF,   no. 8,  1972,  1586-1590. 

The article presents an analytical solution to a problem 

of heated plasma flow with a preset density and random time dependence 

of flow velocity v(t).   At the boundary x = 0^ a laser energy flow occurs 

with a random time form I (t).    This corresponds to the physical condition 

when plasma is heated by powerful laser radiation in the energy range of 

10--100 joules per pulse,  and pulse duration T which agrees with the gas- 
-9 dynamical plasma dispersion   r    ,  and equals 10      sec.    Plasma heating 

by two or more pulses is examined which improves the heating quality when 

the process is essentially unstable and absorption is detemnined by the 

number of discharge particles. 

Radiation transfer and energy conservation equations are 

solved for a medium where n = const and v«c at the preset boundary 

conditions.    The solutions describe the process of heat wave propagation 

in a moving radiation absorbing medium.    The solutions are applicable to 

my form of absorption coefficient K temperature dependence and cover a 

broad range of initial conditions.    Heating of sufficient intensity generates 

a sharp front wave x = x  , where dt/dx is maximal and the temperature 

T^r = const.    As a function of current time t and setting time t   when 

dx,  /dt = 0,  two heat wave propagation modes were noted:   at t<t    the heat 

wave motion is unstable and   it propagates into the plasma; at t = t    the 
s 

front comes to a stop, and its motion and other wave parameter    variations 

are subsequently dependent on changes in the plasma flow velocity v(t) and 

radiation energy velocity .1 (t).    In other words, when t>t    the heating 

process becomes stabilized and at the boundary x = 0 this leads to equality 

between plasma radiation ene -gy flow I (t) and heat energy flow.    Heat wave 

parameters were computed under two conditions:   I) v - const is the plasma 
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flow average velocity unch r the pulse effect; and 2) V~VT~ accounts for an 
o 

increase in plasma velocity during the heating process.    It was proven 

that variations in velocity in relation to heating had only a slight effect on 

the time t    but doubled the heating time.    Numerical estimates are given 

for t    and the maximum depth of heat wave penetration into plasma x 
13 2 21   "^f under typical laser heating conditions.    At 1   =10   w/cm  ,  n = 10     cm     ,  and 

7 -9       0 -2 
v = 2x10    cm/sec,  the values t    = 5x10      sec and x        = 5x10     cm were s max 
obtained.    At a relatively high pulse energy t expressed in joules per 

square centimeter,  the heat wave possibly approaches the non-transparent 

plasma layer where n^ncrit, which leads to the reflection of laser energy from 

the target. 

The solutions obtained by the authors permit estimates of the 

optimal duration T _* of single or pulse packets from specific f,  n,  v and 

plasma absorption layer thickness values with non-reflecting characteristics 

and under maximum temperature conditions.    It v,as also demonstrated that 

only about one half of radiation energy was used for plasma heating,  the 

remainder being dissipated in the plasma. 

Zayko,    Yu.  N.,  L.  I.  Kats,  N.  N. 

Kireyev,  and S. A. Smolyanskiy. 

Electromagnetic wave propagation 

in a rarefied plasma in a variable 

magnetic field.    TVT,   no.   2,   1972, 

232-242. 

The complex index of refraction is calculated for a   single- 

component,   spatially homogeneous infinite Lorentz plasma in a spatially 

uniform alternating magnetic field H(t) = h  H  cos fit.    Stress vector 

orientations of stationary and alternating external fields,  the magnetic 

fields and the electromagnetic wave are arbitrary.    The alternating magnetic 

field   H,(t) and the induced electric field E.(t) are reg; rded as strong,   and 

E2(t)«El(t) is the weak electric field of the wave.    The responsr of the 

system to the plasma electric field is analyzed    for E ■ E.ft) -t  E2(x,   ,>. 
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Chastov, A. A,    Transmission of a 

powerful beam in semicolloidal dye 

solutions.    ZhPS,   v.   16,   no.  4,   1972, 

649-653. 

Ruby laser beams in semicolloidal dye solutions were 

investigated under the condition that the size of micelles and the 

inhomogeneities formed around them was smaller than the beam wave- 

length.    Aluminum chlorophthalocyanine in o-dichlorbenzene,  vanadyl 

phthalocyanine in chloroform,  and 1.2-aluminum phthalocyanine in o- 

dichlorbenzene and quinoline solutions were used.    Experiments have shown 

toat with increased radiation intensity the transmissibility of colloidal 

solutions first rises and then drops; intensities of the order of several Mw/cm2 

produce nonlinear scattering. 

The author    computed the attenuation of a parallel light 

beam in a semicolloidal dye solution and concluded that the scattering 

coefficient has a square-law dependence on radiation intensity.   An initial 

stage of increased transmissibility was traced to the brightening of dye 

monomers.    The dye linear absorption decreased under weak and moderate 

fluxes and the number of aggregated molecules increased.   At strong fluxes 

the transmission characteristic of the solution dropped and the number of 

bonded molecules rose from the increased nonlinear scattering.    The 

difference in the transmissibility of semicolloidal solution layers of various 

thickness is reduced with an increase of radiation intensity.    The 

phenomena discussed are cited as having application in the study of inter- 

actions of powerful radiation with absorbing solutions.    The author    suggests 

using the factor of a decrease of transmission in semicolloidal solutions 

exposed to Iiigh radiation intensities for detecting tiny concentrations of 

aggregates, when spectral methods are insensitive. 

.15- 
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The average oscillation valup for the alternating magnetic field is not 

derived.    When computing the tensor of plasma electric conductivity,  the 

authors based their calculations on the equation of electron motion in a 

nonrelativistic approximation. 

\ perturbation theory approximation method is used to 

solve the specific problem  A, = jyl « I.    Results yielded: I) a relationship 

that determines the plasma conductivity matrix by a value order (the 

matr;jt may also be determined by approximations,  disregarding perturbation 

ther ry); and 2) an explicit expression for the complex plasma refraction 

index; nm(a)) = n'^W) + inm"(ül).    The complex formulas are analyzed for 

five physically different cases when the vectors k,  h    and h   are paired 
o i r 

perpendicularly or are parallel.    Since the final formulas for the complex 

refr. ction index are too cumbersome,   only thoseresults are given that 

agree with   In'   (Cü)   »n"(aJ)|. 

The left-hand and right-hand wave polarizations are 

examined.    Conditions are established under which resonances occur.    The 

resonance«» are evidently a function of the alternating magnetic field amplitude, 

which results in additional resonance points.    The signal culoff pattern is 

recorded for the five cited physical cases and the two wave polarizations. 

Conditions -\re given for the occurrence of windows in some of the cases, 

i.e. when n' (U.') =1,   n" (CO) = 0.    Exact formulas must be used to determine n n 
the complex refraction index.    Ji all cases, plasma brightening becomes 

feasible due to the position of the magnetic field variable component. 
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Petukhova,  T.  M. ,  V.   V.   Bukhalenkov, 

and V.  I.  Grokhovskjy.    Metal surface 

condition after laser irradiation.    EOM, 
no. 4,   1972,  28-31. 

An analysis is given of physical and chemical changes 

m the 8urface of several iron and steel targets following la^er irradiation. 

The laser used was a type K-3M free-running ruby with 3 millisec 

1. 5 j pulses,  and focused on the target surface at f = 10 mm.    A widl 

range of crater geometries was obtained by profilomeU-,  as listed in 
Table I. 

Table I.    Crater Characteristics 

Structure 
:ype 

Per lite 

Material and 
heat treatment 

Crater 
dia. , mm 

Aust-snite 

Martensite 

U 12 steel, 
heated to 850OC, 
oven-cooled 

Iron with globular 
graphite,  heated 
to 890oC,  air- 
cooled 

Ductile iron, 
heated to 870oC. 
?.ir cooled 

IX18N8 steel, 
heated to 11000C, 
water quenched 

U 12 steel, 
heated to 850oC, 
water quenched 

Iron with globular 
graphite,  heated 
to 890OC, oil 
quenched  

0.40 

0.30 

0.3 0 

0.30 

0.40 

0.45 

Crater | Max. Ejecta 
depth, mm i ejecta range, 

i ridge I mm 
I hgt. ,  mml 

0.030 

0.030 

0.060 

0.035 

0.035 0.040 

0.010 0.010 

0.030 0.080 

0.030 0.040 

0.65 

0.75 

0.75 

0.40 

0.70 

0.80 

•16. 
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Similarities and differences in the crater profiles are 

discussed!  Fig.  1 compares ejecta profiles for austenite and martensite 

types.    Laser hardening effects were also   -ecorded; it was noted that 

ejecta peaks give        anomalously high hardness readings, whereas the 

base material in some cases suffers a loss in hardness after irradiation. 

Strain hardening patterns are illustrated, together with data on 

exoelectron emission variations which can be used to detect phase change 

in the target material. 

Fig.   I.    Relief profiles in the crater 
region for austenite (a) and martensite 
(b) targets.    Vertical - x 100Ü,   horizontal- 
x 200. 
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B.    Recent Selections 

i.    Beam Target Effects 

Aksel'rod,  I.  L. ,  and A.  Z.  Volynets.    Development of a sublimatioi 

process in a monochromatic electromagnetic radiation field.    EOM, 
no.  5,  1972,   52-55. 

Apanasevich, P. A., and V. G. Dubovets. Theoretical analysis 

of interaction of high-power polarized radiation with an isotropic 

resonant medium.    ZhPS,  v.  17, no.  5, 1972,   796-803. 

Batanov,   V. A.,  F.  V.  Bunkin, A.  M.  Prokhorov, and \.  B. 

Fedr-ov.    Gasodinamicheskaya struktura plazmennogo fakela, 

voznikayushchego pri isparenii metillov moshchnym opticheskim 

izlucheniyem (Gas dynamic structure of a plasma flare generated 

from vaporization of metals by high power optical radiation).   AN 

SSSR,  Fizicheskiy Institut, Preprint no.   50,  Moskva, 1972,  23 p. 
(KL Dop vyp, 10/72, no. 21613) 

Kolomiyets,   B.  T., E. A.  Lebedev,  and E. A    Smorgonskaya. 

Problem of the breakdown mechanism in chalcogenide glass.    FTP, 
no. 10, 1972,  2073-2075. 

Rarov, N. N., A. A. Uglov, and I. V. Zuyev. Effect ot heat source 

parameters on the depth and size of surface deformation in the liquid 

Phase.    DAN SSSR,  v.  207,  no. 1, 1972,  83-85. 

Rubanov, A. S. ,   Ye.  V.  Ivakin, and I.   P.   Petrovich.    Relaxation of 

thermal phase in a lattice.    IAN B,  Seriya fiz.-mat. nauk, no. 6, 
1972, 123-126. 
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Sklizkov,  G.  V.,  S.  I.  Fedotov,  and A.  S.  Shikanov.    Issledovaniye 

pogloshcheniya izlucheniya Nd-lazcra pri nagreve tonkoy misheni 

(Jjivestigating Nd-laser radiation absorption from heating of thin 

targets).    AN SSSR,  Fizicheskiy institut,   Preprint no.  45, 

Moskva, 1972,20 p.    (KL Dop vyp, 10/72, no.  22189) 

Vsesoyuznoyeso veshchaniye po fizike vozdeystviya opticheskogo 

izlucheniya na kondensirovannyye sredy,  2-e.    Leningrad,  24-27 April 

1972.    (Second AU-Union Conference on physics of effects of 

optical radiation on condensed media,  Leningrad.  24-27 April 1972). 

AN SSSR,  Fizicheskiy institut,   Preprint no.  41,  Moskva, 1972, 

45p.    (KL Dop vyp, 10/72, no. 21609) 

ii.     Beam-Plasma Interaction 

Anan'in, O.  B.,   Yu. A.  Bykovskiy,  N.  N.  Degtyarenko,   Yu.  P. 

Kozyrev,  S.  M.  Sil'nov,  and B.   Yu. Sharkov.    QDtaining C and Al 

nuclei in a laser source of multicharged ions.    ZhETF P,  v. 16, 

no. 10, 1972,  543-548. 

Bass,  F.  G.    Properties of electron plasma in a powerful electromagnet] 

field.    ZhETF,  v. 63, no.  5, 1972, 1664-1671. 

Norinskiy,  L.  V.,  V. A.  Pryadein, and L. A. Rivlin.    Investigation 

of optically-initiated directional electrical breakdowns in ^.gas. 

ZhETF, v. 63, no.  5, 1972, 1649-1652. 

Silin,  V.   P.    P^vation processes in a parametrically unstable 

plasma.    ZhETF,  v. 63. no.  5, 1972, 1686-1697. J 
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2.    Effects of Strong Explosions 

A.    Abstracts 

Polyakov,   Yu. A.,  and G.  N.  Nikolayev. 

Radiative heat transfer behind a reflected 

shock wave in a two-phase flow.    IN: 

Teplo-i massoperenos,  v.  I,  part 3. 

Minsk,   1972,  265-269 (RZhMekh,  9/72, 

9B296) 

High-temperature gas-dust mixtures participate in 

plasmochemical processes,  are present in the boundary layer of 

super sonic-vehicle ablation materials,  and form during the propagation 

of strong shock waves along the ground surface.    It is important here to 

evaluate the influence of the finely dispersed solid phase upon the intensity 

of gas radiation.    Investigation of heat exchange behind a reflected wave 

was conducted in a shock tube which permitted supersonic thockwaves 

from 3 to 6 km/sec to be generated in a gas-dust mixture.    Dimensions 

of the low-pressure chamber were:   length 4 m,   diameter 30 mm.    An 

oxygen-hydrogen-halium mixture was introduced as driver gas into the 

high-pressure chamber; this mixture was ignited at P. = 20 - 50 atm. 

The wave velocity was measured by ionization sensing elements; the state 

of the gas behind the reflected wave was determined on the basis of the 

velocity and initial state of the gas by means of the laws of conservation, 

with account taken of dissociation and ionization.    In order to create a 

two-phase medium,  a weighed sample of Al203 powder was introduced into 

the shock tube from a dosing cylinder. 

I 
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Golovachev,   Yu.  P. ,  and F.   D.   Popov. 

Calculation of supersonic viscous gas flow 

around blunt bodies at high Reynolds 

numbers.    ZhVMMF,   v.  12,  no.  5,  1972, 

1292-1303. 

A solution to a supersonic viscous gas flow problem is 

obtained on the basis of simplified equations of mass,  momentum,  and 

energy continuity.    The equations describe the total flow in front of a 

blunt body,   since separate treatment of the inviscid flow and th^ boundary 

layer is inadmissible in some practically important cases of supersonic 

flow.    The gas flow calculated therefore encompasses the total shock 

layer from the shock wave, which i    assumed to be a discontinuity surface, 

up to the body surface.    The initial set of equations expressed in spherical 

coordinates r and 9 is simplified by transforming the shock layer into a 

rectangular region expressed in spatial variables 

l- 

ln(l+//) ' 
r-G(e) 

F(0,t)-G(0)' 

y-e. 

//>0. 
(1) 

A rectangular grid is introduced, and the simplified set of equations is 

represented by difference equations with second-order approximation and 

the weight IT.    The nonlinear set of equations obtained can be used to cal- 

culate flow at a considerable distance from the symmetry axis,  since the 

density   ratio across the Shockwave can be arbitrary.    The set of equations 

is Po!v»d hy iteration.    Each successive iteration deals with a set of linear 

equations,  and in the iteration process the set of difference equations is 

broken down into independent subsets along individual radial lines.    Each 

subset is solved by successive elimination of matrix vectors.    The gas 

dynamic parameters and the new shock wave position are  determined along all 
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radial lines.    Iteration is normally repeated 2-3 times,  until the 

relative variations of all functions in. any grid node start to decrease 

for two time layers and the maximum variation is <AtxlO     .    The 

method is illustrated by calculation of perfect gas flow around a thermally- 
2       5 

insulated sphere at M«^ 2 and Re = 5x10   -10   . 

Shvets, A.  I.    Flow around a body with 

base injection.    IN:   Sbornik Nauchnaya 

konferentsiya.    Institut mekhaniki 

Moskovskogo universiteta,   22-24 May 

1972.    Moskva,  1972,  25-26 (RZhMekh, 

9/72, no. 9B477). (Translation) 

It was established that a weak injection into the stagnation 

region in a subsonic flow does not increase base pressure.    The base 

pressure in supersonic flow peaks at a relative air blowing rate of about 1%. 

Blagosklonov,  V.  I.,  and A.  N.  Minaylos. 

Supersonic ideal gas flow around a circular 

cylinder.    IN:       Uchenyye zapiski TsAGl, 

v.  3,  no.  2,  1972,  130-134.   (RZhMeku,  9/72, 

no.  9B460)(Translation) 

Theoretical numerical data are presented on flow around a 

cylinder at Mach numbers in the 1.5-1,000 range and 1.05 to 1.66 gas specific 

heat ratios.    Empirical similarity criteria for flow characteristics are 

given,  permitting the data to be presented in analytical form. 
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Gilinskiy,  S.  M. ,  T. S.  Novikova, 

and V.   B.  Taranchuk.    T\/o-dimensional 

nonstationary supersonic flow around a 

body by hot gas mixtures.    IN:   Sbornik. 

Nauchnaya konferentsiya. Institut mekha- 

niki Moskovskogo universiteta,  22-24 May, 

1972.    Tezisy dokladov,Moskva,   1972,   13- 

14 (RZhMekh,   9/72,  no.  9B458)(Translation) 

I 

I 
E 
I 
I 
I 
I 
I 
[ 

Nonstationary spiking conditions during high-velocity motion 

of a body in a combustible gas mixture are analyzed.    An approximate solution 

is obtained to the problem of hypersonic f ow around a blunt body.    Kinetic 

models are applied in the vicinity of the stagnation boundary with distributed 

heat transfer and heat release at the flan e front.    An analytical and 

numerical investigation is conducted by the method of "truncated distributions". 

Afonina,   N.   Y   . ,  and V. G. Gromov. 

Investigation of supersonic viscous flow 

of a CO-, gas mixture around a body.    IN: 

Sbornik.  Nauchnaya konferentsiya.  Institut 

mekhaniki Moskovskogo universiteta,   22-24 

May,   1972.    Tezisy dokladov.    Moskva,   1972, 

6.    (RZhMekh,   9/72,  no.  9B461)(Translation). 

Theoretical data are given on the viscous flow of a C0o-N, 
.2.5 >5.5 gas mixture at R numbers in the 10   "to 10        range in the vicinity of a 

stagnation streamline.    Calculations are performed based on a set of 

equations which were derived by the method of "truncated distributions" as 

a single-term approximation of a complete set of Navier-Stokes equations. 

.23- 
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Bogolyubskiy,  I.  L.    Hypersonic radiant 

gas flow around a pointed cone.    IN:   Trudy 

XV i XVI nauchnykh konferentsiy Moskovskogo 

fiziko-tekhnicheskogo instituta,   1969-1970. 

Seriya Aerofizika i prikla^naya matematika. 

Parti.    Dolgoprudnyy,  1971,   9-23 (RZhMekh, 

9/72,  no.  9B464)(Tran8lation) 

A solution to the problem of flow around a pointed cone is 

obtained in a first approximation using the k- parametric expansion of 

the equations for an inviscid,   radiating and absorbing gas.    The parameter 

is k = POT/pB. where p^ and ps are the densities of the oncoming gas and 

the gas behind a shock,respectively.    Calculation is performed for a multistep 

model of radiating gas flow around a cone with a vertex half-angle of 30 to 

60 degrees.    Temperature and enthalpy fields are determined,  a Shockwave 

profile is plotted,  and radiant flux distributions along the cone generatrix 
are obtained. 

Zak,   L. I.,  and V. A.  Levin.    Problem of 

strong surface injection in supersonic flow 

around a body.    IN:   Sbornik.  Nauchnaya 

konferentsiya.    Institut mekhaniki Moskovskogo 

universiteta,  22-24 May,  1972.    Tezisy dokladov. 

Moskva,  1972,   17.  (RZhMekh,  9/72,  no.  9B466) 

(Translation) 

The problem is analyzed of supersonic flow around a plate,  a 

wedge,  and a cone of tinite dimensions in the presence of a strong injection 

of a compressible or noncompressible fluid.    Allowance is made for conditions 
at the trailing edge. 
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Gershbeyn,  E. A.    Hypersonic uow around 

a blunt body under strong injection.    IN: 

Sbornik Nauchnaya konferentsiya.    Institut 

mekhaniki Moskovskogo univerbiteta,   Moskva, 

22-24 May, 1972.    Tezisy dokladov.    Moskva, 

1972,  12.    (RZhMekh, 9/72, no.  9B467) 

(Translation) 

A solution based on a hypersonic approximation is obtained 

to the problem of multicomponent gas flow in a shock layer around flat or 

axisymmetric bodies, with intensive injection of extraneous gases. 

Gorinov, A. S., and K. M. Magomedov. 

Application of a boundary layer decomposition 

method to calculation of chemically-non- 

equilibrium. viscous gas flow.    IN:   Trudy 

Konferentsii Moskovskogo fiziko-tekhnicheskogo 

instituta,  1970.    Seriya Aerofizika.    Prikladnaya 

matematika.    Moskva,   1971, 3-13.  (RZhMekh, 

9/72, no.  9B468)(Tran8lation). 

The steady supersonic flow is analyzed of P chcinically- 

nonequilibrium viscous gas around the front surface of i blunt body near 

the stagnation sti >amline.    The initial set of equations is simplified by the 

assumption of a thin compressed shock layer.    The boundary conditions are 

formulated by a unified Rankine-Hugoniot relation at the shock wave and a 

condition of nonpenetration through a nondisintegrating surface.    In view of 

the difficulties in solving the derived system by successive approximations of 

the matrix,  or by the method of adjustments, the authors propose to split 
i 
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the system,  at the expense of deriving a more complicated algorithm, 

into weakly-correlated pairs of equations which can be solved by the usual 

successive scalar approximations.    TLe method is closely related to the 

method of boundary layer corrections of Vishik and Lyusternik,  but with 

no expansions.   As a rule,  the presence of a small parameter is not 

required.   As an illustration of the method the nonequilibrium air flow 

around a spherical blunt body is calculated over a wide range of Reynolds 

numbers and with allowance for six reactions.    It is noted that the boundary 

layer and relaxation region of electrons are significantly thicker than those 

of neutral particles. 

Savinov,  K. G.    Investigation of three- 

dimensional supersonic flow around triaxial 

ellipsoids.    IN:   Sbornik Nauchnaya konferen- 

tsiya,    Institut mekhaniki Moskovskogo universiteta, 

22-24 May 1972.    Moskva,   1972,  33 (RZhMekh,   9/72, 

no.  9B471). (Translation). 

Numerical data are presented on three-dimensional, 

supersonic,  perfect gas flow around the nose of a triaxial ellipsoid. 

Particular attention is devoted to flow without a symmetry plane.    The 

gas dynamic parameters distribution over the body and across the shock 

layer is shown.    Positions of the shock and acoustic surfaces are indicated. 
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Pilyugin,   N.   N.    Radiant heat flux distHh.iH on 
on a spherical surf^ jn hypersonic inviscid 

radiant t>as flow.    IN:   Sbornik Nauchnaya 

konferentsiya.    Institut mekhaniki Moskovskogo 

universiteta.   22-24 Majr.   1972.    Tezisy dokladov. 

Koskva.  1972,  30.  (RZhMekh.  9/72,  no.  9B919). 
(Translation) 

A theoretical study is presented of the stabilized,   uniform 
hypersonic flow of an inviscid.   radiant perfect gas around a sphere     An 

approxxmation of volume deexcitation is applied.    Analytical expressions 

in a fxrst approximation are derived for all gas dynamic parameters 

Moshnenko,   Yu.  I.,  and V. A.  Velichkin, 

Aerodynamic h^figg dispersion from   a 

lifting shell in supersonic flow.    IN: 

Teplo-i massoperenos.  v.  I,  part 3.    Minsk, 

1972,   233-238 (RZhMekh,   9/72, no.   9B910) 
(Translation) 

In order to determine the scattering characteristics of the 
temperature conditions of lifting shells,  the Monte Carlo method of 

statistical teats is used; this method is based on the multiple realization 

of a theoretically calculated model for the thermal load of a structure with 

random sampling of the initial data.    An investigation was conducted of the 

aerodynamic heating of a weakly conical shell,   reinforced by a set of force 

stringers,  under conditions of supersonic streamline flow within the range 

of the parameters 2xlOb < R < 3.4xl08,  0. 17 < T    /T    < 0. 9.  and M > 1.3 
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Nikolayev,   F. A. ,   Yu.  V.  Novitskiy,   V.   B. 

Rozanov,  and Yu.   P. Sviridenko.    Fluctuation 

characteristics in dense plasma of high current 

discharges generated by electric explosion of 

metal wire in a vacuum.    ZhETF,  v.  63,   no.  3, 

1972,  844-853. 

Fluctuation characteristics were studied in a plasma generated 

by vacuum discharge of capacitors (discharge geometry was straight Z-pinch, 

W j = 22. 5 kj,  T .   = 120 usec, and I = 220 kA) across lithium stored disch r max ' 
wires with initial diameters d    = 0.17,  0.34, and 1.0 mm.    The random o 
fluctuations of plasma parameters which occur during the initial 35-40 ^sec 

were determined by correlation processing of signals recorded by magnetic 

sensing elements, and by dimensional analysis of magnetohydrodynamic 

equations.    In addition to their independent value,   such data make it possible 

to accurately analyze integral discharge characteristics.    Both the correlation 

of oscilloscope traces of local magnetic fields and the theoretical analysis 

revealed a discharge turbulence during the first quarter period.    Plasma 

structural and luminescence inhomogeneities during this period attain a 

mean linear dimension of '"l cm and propagate through the plasma at sonic 

velocity.    The plasma mean density p and temperature T fluctuations may 
-5 3 

be of the order of 1.7x10  '   g/cm   and 3 eV for a 0.17 mm wire.    Plasma 

turbulence decreases,  bunch dimension increases,  and their velocity decreases 

when the wire diameter is increased.    Instabilities generated in a dens J (n = 

10    -10    cm     ),   optically transparent plasma generate and sustain turbulent 

discharges.    Turbulence dissipates after'«-40 fxsec owing to instability decay. 

It is srqgested that plasma line spectra are directly correlated with decay of 

superheated instabilities.    Comparison of the theoretical T, p and p 

fluctuations data with previously determined mean values of these parameters 

led to the conclusion that   plasma turbulence does not qualitatively affect the 

discharge characteristics. 
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Lebedev, S.  V. ,  A.  I. Sawatimskiy,  and 

Yu.  B. Smirnov.    Electrical explosion method 

and measurement of heat of fusion and electrical 

conductivity of refractory metals.    ZhTF,  no.   8, 

1972,  1752-1760. 

Earlier measurements by the authors (TVT,   no.  3,   1971, 

63 5) of the heat of fusion Ef and electrical resistivities p    and p.  of refractory 

metals are here extended to Ir and Au.    The method of exploding wires was 

again used.    The wire resistance R(t) and energy E(t) absorbed by the wire 

during melting were evaluated from oscilloscope measurements of the voltage 

variations across the wire (VR(t) and a calibrated resistance V  (t).    Iridium 

wire specimens, 1-2 cm long and ~0.1 mm in diam,  and gold wires 1-6 cm 

long and 0.1 mm in diam were exploded in air at atmospheric pressure using 
10 2 ^ «- & 

(2. 5-5.6)xl0     a/m    rectangular current pulses,  and in air or water usine 
10 10 2 

4.25x10     and 1.3x10     a/m    pulses,   respectively.    The experimental E 
f 

data for Au (Table I) agree, within experimental error, with known experimental 

values from the literature.    The Au experimental p    and p    data differ from 

Table 1.    Ir and Au heats of fusion E,    2 measured by the electrical 
explosion method. 'I.  2 

Metal 

Ir 

Au 

Number 
of 

samples 

19 

17 

Eif   2 mean value. 
j/g 

200 

70 

% Deviation from        Probable 
the mean systematic 

Arith-  rMaximurrP   error,  % 
metic 
mean 

2 

1.5 

5 

3.5 

5 

I 
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the most reliable literature data obtained in a slow process (Table 2). 

I 

D 
0 

Table 2.    Resistivity of solid (p  ) and liquid (p.) Ir and Au at mp 

Metal Source Metal 
characteristics 

Number 
of 

samples 
tested 

Ps. 
nohm 

5« 
% 

P-r. 
jiohrr 

61) 
% 

Ps 

purity, 
% 

p at 
room 
temp- 
erature 
fjLohm. 
cm. 

cm cm 

Ir      Authors 

Au     data 

Au     Litera- 

Au    ture 

data 

99.9 

99.99 

99.95 

6.79 

2.235 

2.316 

19             70. 3 

17           13.1 

3             13.50 

(13. 68)2 

1.3 

1.2 

92.0 

29.1 

30,82 

31.2 

2 

1.2 

1.31 

2.22 

2.28 

(1.28)2 

1)   Arithmetic mean error.    Possible systematic error in authors1 

data - I. 5%. 

Corresponding data for other metals obtained by the same method are close 

to the p8 and p^ data in the tables. Ef, pa and p^ data for Ir were not found 

in the literature.    The second break on the Iph(t) oscilloscope trace of Au 

did not coincide with the second break on the "^„(t) trace.    This was 
R 

attributed to wire nonhcmogeneity and did not justify a correction of the Ef 

data obtained from V_  oscilloscope traces.    It is concluded that the E, 
K I 

data obtained by the method of exploding wires coincide with the equilibrium 

values,   confirming the applicability of the method to measurements of Ef 

and high-temperature p of refractory metals.    The accuracy of the measurement 

is estimated to be 2-3% for p and -5% for Ef. 
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Sychev,   V.  V. , A.  D.  Kozlov, and G. 

A.  Spiridonov.    Thermodynamic properties 

of air in the 150-1000° K temperature 

interval at  pressures to 1000 bar.    INr 

Sbornik.Teplofizicheskiye svoystva veshchestv 

i materialov.    Moskva,   Izd-vo standartov, 

no.  5,  1972,  4-20.    (RZhF,  8/72, no.  8Yel5) 

(Translation) 

A new equation of state for air describes all reliable 

experimental thermal data with an error < 0.1% of the compressibility 

factor z = pv/RT.    The following thermodynamic properties of air are 

calculated within the given temperature range:   specific volume,   enthalpy, 

specific heats C    and C   .   entropy,   sound velocity,the adiabatic Joule- 

Thomson effect,  volatility,  coefficients of volume expansion and isothermal 

compression,  the thermal pressure coefficient, and the adiabatic exponent. 

Lomakin,   B.  N. ,  and V.   Ye.  Fortav. 

Dynamic method for investigation of 

the equation of state of a nonideal cesium 

plasma.    DAN SSSR,   v.  206,  no. 3,   1972, 

576-579. 

A comparative analysis is made of P-V isentropes,  isotherms, 

and constant enthalpy curves calculated for a highly imperfect cesium plasma, 

using an experimental equation of state in caloric form (cf.  Feb.   1972 

Report p. 67).    The dynamic method for measuring the shock wavefront 

velocity D = 1.4-2.1 km/sec and plasma density 0 = V'    at initial P   =0.15- 
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(0.5 bar is described briefly/'   In principle, the method   is based on the 

compression and irreversible heating of the substance in the shock wave- 

front.    In view of the limitations    o imperfect plasma diagnostics,the 

method takes advantage of the correlation between kinematic parameters 

of the Shockwave propagation and the thermodynamic characteristics of 

the shock-compressed medium.    The experimental range of parameters was 

extended by recording the state behind the front of a reflected Shockwave 

The measured parameters were used to calculate the equation of stat. and 

temperature T benind the shock wavefront.    The experimental P-V isotherms 

plotted against the isotherms,   calculated in a perfect gas approximation, 

indicate that experimental P exceeds calculated P.    Analysis of the isotherms 

and the constant enthalpy curves led to the conclusion that the contribution 

of the discrete spectrum of the partially-ionized plasma to the equation of 

state is greatly diminished as the effect of the free charges interaction on 

'hermodynamic functions and the ionic equilibrium is lessened.    The 

absence of kinks on the experimental P-V isentropes points to the absence 

of phase transitions in an imperfect cesium plasma over the range of 

{parameters studied,    it is highly improbable that there is a two-phase 

region in the reflected shock wave,   because the slope of isentropes is nearly 

identical to that in the approximation of a perfect gas. 

I 
I 

I 
f 
I 
I 
I 
! 

*   A more extensive description and essentially the same analysis of th( 
experimental data were given in a longer paper previously published in 
ZhETF,   v.  63, no.  I,   1972,  92-103. 
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Klyatskin,   V. I. ,  and V.   I.  Tatarskiy. 

Statistical theory of light Propagation in 

a turbulent medium (Review).    IVUZ 

Radiofiz,  no.  10,   197Z,   1433-1455. 

Theoretical research data (1958-1972) on electromagnetic 

wave propagation in a medium with large scale random inhomogeneities 

are comprehensively reviewed.    Some 90% of the source materials are 

of Soviet origin and include numerous publications of the present authors. 

The inadequacy of the smooth perturbations method (SPM) for describing 

the strong fluctuations effect was initially established experimentally   by 

Gracheva and Gurvich, and later confirmed by these and other Soviet 

authors.    Theoretical research was subsequently oriented towards the 

development of a diffusion approximation method to describe wave 

propagation in an inhomogeneous medium.    This research trend is discussed 

and basic stochastic wave equations,   such as scalar wave and parabolic 

equations,  are presented.    The derivation of these equations is outlined 

on the basi« of a random diffusion approximation of wave propagation in a 
medium with large scale inhomogeneities. 

The solution of the parabolic wave equation is shown to obey 

tertain exact conditions,  e.g., a causality condition.      In the first or random 

diffusion approximation,closed integral equations for the wave field statistical 

moments M^   m can be obtained,assuming the longitudinr 1 correlation 

radius -t,,     of the fluctuating permittivity component 7 is negligible (/.,,    =0) . 

This assumption is equivalent to substituting the delta-correlation B   eff 

for the true correlation function Be of the reiractive index.which describes 

the statistical characteristics of ? in a Gaus«ian distribution of the refractive 

index fluctuations.    Using a Gaussian distribution and deita-corrulation. 

the authors reduced the closed integral equations to a differential equation. 

I -33- 

^_. -   i mmm J 



Tatarskiy has derived an equivalent equation of the Einstein-Fokker typ« 

for the characteristic functional of the field function   u (x,  p), which 

describes the field statistically.    It follows that the w  ve propagation 

approximation in a medium with Gaussian,   delta-correlated fluctuations 

of c* can be assimilated to a diffusion approximation.    The authors applied 

successive approximation to find a more exact solution of the parabolic 

wave equation.    Using the Furutsu-Novikov formula,  a closed equation was 

obtained in a second approximation of the field<u>.    The solution U, oi the 

second approximation differed no more than 2.5% from the exact solution 

"(0      «,oxpl- i*(t   - I  f *-')|. (1) 

2 ?      2 2       2      2 
for || • k Iro     /4 = 0.2, where I is the correlation radius of T,  k   =W /C  <€>. 

The boundary conditions of the first approximation are 

deduced from analysis of the second approximation.    The conditions show 

that the first or diffusion approximation is applicable to strong field 

fluctuations.    Using the radiation transfer equation for a small angle 

approximation,   Dolin has developed a linear differential equation of the 

mutual coherence function   IL| which is analogous to the differential equation 

obtained by the authors from the cited equation of M in a diffusion ■ ■ n,  m 
approximation.    Dolin solved the equation for T   by the method of characteristics 

Kon and Tatarskiy extend this solution to partially coherent sources and 

arrive at a simple formula for  T- in the case of a plane incident wave. 

Dolin's solutions fo^  r? and the averaged wave intensity are compared with 

the experimental 1971 data of other Soviet authors.    A statistical description 

of light beam amplitude and phase fluctuations was attempted by the SPM and 

diffusion approximation methods.    Using the latter method,  Klyatskin 
2 

derived an expression for amplitude level fluctuation» a      which disagrees 

with the experiment.    This discrepancy is explained in terms of a geometrical 
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optics approximation,    Zavorotnyy and Klyatskin have recently shown that 

amplitude and phase statistical characteristics are determined by those 

of rays.    The amplitude level X and phase gradient S are described by 

a single dynamic ray trajectory equation with boundary conditions.    This 

equation shows &*t ray propagation is not a random diffusion process. 

Calculation of X and S in diffusion and geometrical-optics approximations 

is correct only |f certain boundary conditions for a turbulent medium are 
satisfied. 

I 
! 

i: 
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Berlyand,  O, S. .   V.  N.   Petrov,  and D. A. 

Se rerov.    Long range propagation of [radioactive] 

impurities for a vertical diffusion coefficient 

varying in time and altitude.    FAiO,   no.  9.   1972, 
994-997, 

Near-surface concentration qo of radioactive impurities was 

evaluated as a function of vertical diffusion coefficient Kz variation in time 

and altitude.    Such an evaluation is related to the solution of problems of 

long range propagation of radioactive impurities.    Diurnal variations of K 
are described by the function z 

'i " '. 0 — • «m»o (1) 

where Kzo is the nocturnal diffusion coefficient,    ce = Z.bZxlO'1 /hr is the 

earth angular rotation velocity,  and f is the amplitude of K    variation. 

Calculation of Kz in the near-surface atmospheric layer was based on 

selective vertical concentration profile q(Z) data,  measured by Soviet authors 

in a radioactive inert gas stream from underground nuclear explosions.    The 

average Kz values calculated from the tabulated data are 10,   '?.   16,  and 

40 m   /sec during spring,   summer,   summer under convection conditions, 
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and winter, respectively.    The € valae was accordingly assigned 0,   I,  2, 

and 3 values.    Uf ing the Kz and € values thus obtained,  q(0,  h,  t) profiles 

were calculated by solving the diffusion equation.    The q(0,  h,  t) plots 

(Fig.  I) show that qo may decrease by a factor of 2 to 3 when € varies. 

2001.   hr 

Fig. I. Near-ground volume 
concentration versus time at 
different € values. 

The effect of Kz variations on q(x,   y,  z,  t,  h) at the ground below the 

impurities source at an altitude h was evaluated by solving * set of diffusion 

equations for q2 at z = 0 and taking horizontal diffusion and wind direction 

into account.    The plotted q(t) data show that during the first 2-3 days the 

near-ground impurities c-ncentration and consequently the   fallout density 

vary significantly, when Kz above z« = 0-0.5 incre.-.sei by an order of 

magnitude and h   = 2-4 km. 
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Alimov,  V. A.,  and G.   P. Komrakov. 

Fading of scattered sinnals during an 

ionospheric F      event.    IVUZ Radiofiz, 

no. 10,  1972,   1581-1583. 

Results are reported of F-spread observations carried out in 

l^ferch 1971 by r-f pulse probing of the ionosphere.    Other researchers have 

concluded that pure ionospheric scattering of radiowaves during F-spreading is 

insignificant.    The experimental procedure used by these researchers 

included selection of a receiver bandwidth equal to the spectral width of the 

Tjrobe pulse and nonpolarized reflected signal reception, which apparently 

had a significant error effect on the data obtained.    The present authors 

therefore used revised experimental procedures to test for F      effects. 
sp * 

The probe pulse had a 50 Hz repetition rate and 100 jisec.  duration,  the 

receiver bandwidth was 30 kHz,  and the 2.4 MHz reflected signal was 

polarized at the receiving end.    The time-sweep of the scattered signal was 

displayed on an oscilloscope and recorded by camera.    The distribution 

function W(R) of the scattered signal fluctuations was plotted (Fig.  I) for a fixed 

ionospheric height and I min observation period.    Fig. 1 shows that experimental 

16   R 
'6      ^0    R 

Fig.  1.   Amplitude distribution of a scattered signal 
extended over ~3 00 km:   a) leading edge,  b) mid- 
signal.SolidJines - Nakagami's m-distribution for 
m = 2 and R'1 = 54. 86 (a) or 144. 4 (b).    Points are 
experimental values. 
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L) values are well approximated by Nakagami's m-distribution for 

(1.1-2. 5 (m = R    VlR   -R   )   .  where R    is the mean square fluctuat 

W(R) 
2    r   2     2 2 2 

m«l.l-2.5 (m = R    ^(R   -R   )   , where R    is the mean square fluctuation 

of signal amplitude).    The m-distribution is for a signal composed of m 

statistically-independent rayo v ;th random phases,  i.e. ,  m separate, 

completely diffuse beams.    Previous experimental W(R) data obtained under 

conditions of F-spread may also be considered as amplitude fluctuation 

m-distributions of a composite multiple-beam signal with nrwI-S.    The 

presence of a "mirror" component in the reflected signal may be interpreted 

as the result of averaging of strong amplitude fluctuations of the completely 

diffuse beams.    This interpretation also adequately explains other research 

data on the inhomogeneous ionotphere structure,  such as the correlation 

between F-spread and fading of radio signals from discrete sources,  and the 

experimental angular spread of the reflected signal spectrum. 

Kapitanov,  V.  A. ,   Yu.  V.  Mel'nichuk,     . 

and A. A.  Chernikov.    Spectral configuration 

of radar signals from precipitation.    FAiO, 

no. 9,  1972, 963-972. 

A theoretical and experimental study is piesented of radar 

echo spectra from precipitation.    The frequency range studied corresponds 

to a spectral density S_(f) below the -15 to -20 db level in reference to the 

spectral maxinium,  at the spectral edge.    The stu^y was prompted by 

advances in radar technology and the increased stability of powerful SHF 

generators.    Analysis of spectral edge formation indicated that collisions 

in the HF range (above 150-200 Hz),  between scattering particles,  e.g. 

rain drops or snow flakes,  may have a significant effect on the spectral 

configuration.    Collisions may be caused either by a spread of the particle fallin 

rate I or air turbulence.    For an intermediate 1=3 mm/h,  it was estimated 
-4 

that    S„(i) begins to decrease at f* —15 Hz in accordance with the f      law 
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owing to the effect of turbulent fluctuations of particle velocity.   At a 

»mall elevation angle the effect of particle vibration may be significant 

in the range from 30-50 and 100-200 Hz.    Two other factors (coalescence 
of raindrops and wind-caused changes in the number of scattered in a 

given volume) are suggested as affecting the spectrum configuration to a 

lesser extent.    The experimental 3. . cm radar echo spectra obtained 

from rain and^snowfall of intermediate I (1-4 mm/h) and at .mall elevation 

angles up to6   .  closely fit a Gaussian curve SffM"6 within the range of 

SE(f) from the maximum to about the -30 db level, corresponding to 

f~100Hz.    It is assumed that the Gaussian approximation adequately des- 

cribes the radar echo spectra down to the -40 db level.    At lower levels, 

a noticeable deviation of the spectra from a Gaussian curve is expected ' 

with spectral edge formation.    The data obtained have application in 

Doppler radar measurements of particle size distribution in clouds and 
precipitation. 

Arsen'yan.  T.  I..  F. F. Ashkov. A. A. Semenov. 
A. A. Tishchenko,  and N. N. Rimskiy.    Inter- 

ferometric investigation of phase fluctuation of 

coherent optical radiation in the atmosphere. 
IVUZ Radiofiz,  no. 8,  1972,  1228-1232. 

Atmospheric phase fluctuations of laser radiation wer. 
investigated at   X = 0.63 jx and beam radius = I. 2 cm.    The beams were 

generated using a Zhamen-type interferometer.   A microphotometer 

measured a visible interference image recorded on film, which was directly 

related to the structural function of phase fluctuations under normal 

distribution conditions.    Signal characteristics were statistically analyzed 

in relation to the beam separation base p of the interferometer.    Statistical 
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parameters of a real atmosphere were simultaneously determined by 

an apparatus for quick-response measurements of temperature pulsations. 

The structural constant of temperature fluctuations C. can be used to 

accurately determine the structural constant of the air reflection factor 

C   , which is related by formulas to the structural function of phase 
n 

fluctuation EKP(p): 

r  and ZVp) = 0,73 C\ k* L tßß CI - A    Lt ] 
\       6  Ira*)' 

where k is the wave number,  L - path length,  a- beam radius,  and C7    = 
2 'e 

4C   .    Measurement data on a 120-meter path,  under conditions in the 
n 

formulas,  are compared with theoretical data computed for Dcp in Table 1. 

\ 

<-?(<•.,I1) t (.-../) o,r, 1,0 M 2,0 2.5 3,0 

8,810-1« 

f) 

theory 
o.n.) 0.07 o.ir, 0.25 0,38 0,54 

0, 
p-^pfir. 

i 
0,0:{     0,(7 
 |  

0.16     0.38 

0,16 

0,71 

0,25 

1,21 

0,31 

1,75 

0.4 

4.410-1S theor. 
2.34 

0, 
exper. 

0.15 

0,9.1 

0,38 

i),5,r) 

0,74 

1.08 

1.16 

1,7/ 

1,6« 2,2 

6.3-I0-,r' theor. 
2,55 3,30 

exper. 
0,24 0,,-)l 1.06 1,51 2,28 3,0 

V 

Table I.    Experimental and theoretical 
data for the Dcp structural function on a 
120-meter path. 
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Data analysis shows that at p< 2 cm the relationship D ^ p5/3 is obtained. 

Interferometric methods were also used to analyze thj correlation 

coefficients and radii and their dependence on path length and lateral 

velocities.    Measurements were taken on 7. 5 to 20 meter paths and 1. 5 meters 

above the base.    Experimental data obtained by the authors show a strong 

dependence of phase variations on lateral velocities:   the experimental range of 

variations in time correlation radii of phase fluctuations was 0.05 to 0.6 

sec,  decreasing with an increase in transfer velocities.    With decreased 
path length,  the time correlation radii increased. 

The main advantage of the cited method is the high accuracy of 
statistical signal characteristic determinations.    The structural function 

of phase fluctuation in the first teries of experiments was determined with 

an error not exceeding 4%.    In the second series of experiments,  the error 

in recording the positional variations of the interference band on a continuous 

film (speed from 2 to 4 cm/sec)was  5 to 7%.    A drawback of the method is 

the inapplicability to measuring phase fluctuations in excess of the TT value; 
the method is hence applicable to small fluctuations only. 

Magnitskiy,  B.  V.,  and B. A.  Tverskoy. 

Vertical currents in conjugate points. 

Geomagnetizm i aeronomiya,  no.  4,  1972, 
708-711. 

The effect on an asymmetric current loop of various 

conductivities in the ionospheric E-layer and the northern and southern 

polar caps is analyzed.    The work continues that of the co-author Tverskoy 

(DANSSSR,  188,  1969,  575,  and NIIYaF MGU Preprint 70-337-100) on 

sub-storm processes and current generation in the magnetosphere in a 

region of trapped radiation,  and the relationship of these currents to polar 

cap ionospheric currents.    Calculation assumptions include a loop current 

characterized by drift polarization,  charges compensated by currents along 
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magnetic field lines of force,  and current contact through the E-layer. 

The magnetic field was considered to be near-dipole,  and a plasma cloud 

was assumed to be generated by hot protons and cold electrons in an 

equatorial plane intersecting lines of force to the ionosphere at high 

latitudes.    Proton and electron characteristic« are described by continuity 

equations for distribution functions.    The proton continuity equation allows 

for magnetic and electrical drift; the electron continuity equation   allows 

for the electrical drifc and the electron current density.    Solutions to the 

equations yield zero harmonics for the longitudinally-asymmetric current 

density propagating from one hemisphere to the other and a related DP2 

system.    The first harmonics in a given expression define the current 

density propagating along magnetic lines of force and limited from the north 

and south by Hall electric currents which develop in the ionosphere during 

a DPI system with an accompanying bay.    For numerical analysis of the bay 

first harmonic of electron current density   fit —if,   an arbitrary potential 

difference amplitude of 15 kv is used.    Assuming that the peak coordinate of 

the longitudinally-symmetric portion of the proton pressure is 5,  the E-layer 

thickness la 3-10    cm,  and the Peterson conductivity is 10-10    esu for the 

Northern and 2.10    esu for the Southern hemispheres,  it is determined that 

the current density propagating from one hemisphere to the other during a bay 

is ~1 esu, which agrees with the current density value associated with an 

ionospheric plasma reported by the co-author Tverskoy (NIIYaF MGU 

Preprint 70-337-100). 
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Kopytenkok Yu. A.,  O.  M.  Raspopov,  V. A. 

Troitskaya,  and R.  Shlish.    Analysis of 

stable geomagnetic pulsations of Pc4 type 

using network observations.    Geomagnetizm 

i aeronomiya,  no. 4,   1972,   720-726. 

Spectrum analysis data are given for Pc4 pulsations v/ithin 

the magnetic conjugate points of Sogra (* = 57. 5N. A = 122 deg) and Kergelen 

(*= 58S, A = 123.7 deg) and from three Northern Hemisphere network 

stations located approximately in the same meridian: 

Lovozero (* = 63 N, A = 116.4 deg), 

Suysar'      (*= 57N, A = 113 deg),  and 

Borok        (*= 53N, A = 114 deg). 

Pulses were recorded at all stations using identical equipment (scan: 

6 mm/min,   sensitivity:   0. 14 y/mm along H and D horizontal component.). 

Magnetogram data were processed on 16 Pc4 pulsation events in 1966, 

periods II,  III,  and IV.  and 1964.  period IX.    Six of the clearest of these 

were selected for spectrum analysis.    Pulsation event transcriptions for 

1966.  periods IJ-IV and VII-XII,  and for 1968 from Sogra and Kergelen 

were also analyzed,  for a total of 50 pulsation events.    A general conclusion 

from the analysis is that the Pc4 pulsations are a local phenomenon on the 

earth surface as well as in the magnetosphere.   since pulsation amplitude 

and polarization vary substantially over distance of -500 km.    The pulsation 

total horizontal vector value varies concurrently within a network of remote 

stations during a Pc4 event,  and normally increases at high latitudes. 

Maximum amplitude pulsation events were occasionally observed at medium 

latitudes.    Most of the spectral density maxima were observed during like 

periods at all stations; but the H and D components relationship of these 

maxima is a function of the pulsation polarization characteristics at the 

individual stations.    The spectral density maxima position may vary during a 

given PC4 event.    The pulsation amplitude,  periodicity, direction of horizontal 

vector rotation,  and spectral maxima position varied synchronously within 
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the conjugate points; also the q-factor 
pulsations. 

increased during high amplitude 

Vinogradov. A.  I., A.  L.   Devirts,  E.  I. 

Dobkina.   B.  I.  Ogorodinkov,  and I.  V. 

Petryanov.    Stratospheric concentr.Hnn. 

SiS in 1967-1969.    DAN SSSR,   v.  205. 
no. 4,   1972,  824-826. 

Radioactive carbon levels over the Omtr,! tr. 
of the US'-:P between 1967 and 1Q6Q European sector 
altitude I .I measured in-flight by aerostats at 
alludes from 12.5 to 31 km.    During the flights CO, was frozen for one 

hour ta a heat exchanger-collector cooled by liquid nitrogen.    Tne CO 

7KOT
0
IT rTüight and placed in bubbler8 containin«a ^ -i-- KOH.    The CO, gas absorption was almost total in the first bubbler 

-ce CO, was only rarely observed in a second series-installed bubbllr. 

BaC03 was precipitated,   screened,   scrubbed,   and after drying,   suspended 

to determme the amount of CO, recorded during the fUght.    Specimens 

were mamtained in hermetic polye.hylene containers prior to radiometric 

alys..    TKe C    - levels were determined by gas or scintillation analyses 

as a funcnon of the precipitated Ba^.    T.e resulting CU beta-particle 

measurement error rate was within 1 to ± 2%.    Radioact.ve CO? data at 
various altitudes are presented in T,ki. i       j ,- 2 

rM Pre»e"^<i 'n Table 1 and Figure I,    Tne experimental 
concentrat.on data for the upper and lower stratosphere reflect a 

systematic reduction of atmospheric C02 radioactivity since the „61-62 

-clear test explosions despite the continuing inflow of CU into the upper 

ayers,    The radioactive carbon concentration level at an altitude of 25 km 

has    ecreased by a factor 4.8 in 1,68 and 5.7 in ,06, from the CU ,evels in 

■g of a,r reported for the stratosphere in the Northern Hemisphere in ,063 
by Fee ley et a, (Te,lu.,   18,  no.   ,,   ,966.  nb),    Re.u,t8 a:so yie 

half-life in the upper stratosphere of about five years, 2 
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10-' 

Mo-742 
.Mo-512 
.Mo-514 
Mo738 
Mo-517. 
Mo-515 
Mo-739 
Mo-516 
Mo-518 

07.10.67 
25.10.67 
06.03.68 
00.03.08 
23.03.68 
12.04.68 
23.05.68 
11.06.68 
22.'J«.68 

30,7 
23,3 
25,4 
25,4 
19,5 
19,8 
13,0 
12,9 
13,0 

235 
371 
197 
195 
100 
187 
93 

108 
78 

CO. 
0,11, 
'.II. 
ca 
c,n, 
C.ll, 

C.H, 

Mo-73ü 
Mo-547 
Mo-549 
Mü-531 
Mo-740 
Mo-532 
Mc>-52ti 
MO-53Ü 
Mo-741 

30.07.0« 
27.03.09 
29.05.ü9 
Ol.('/.09 
04.'J7.69 
23.08.69 
(^.09.69 
21.10.69 
21.10.69 

31,2 
12,5 
■M,l 
24,8 
20 9 
31,') 
13,0 
22,4 
22,4 

183 
119 
106 
165 
155 
157 
38 

156 
159 

CO, 
C,ll, 
C.H, 
CH, 
CO. 
CH, 
C,H. 
CJ1. 
CO, 

14 
Table I.    C      concentration in stratosphere over Northern 
Hemisphere.    '!)   laboratory probe no. ,   (2) sampling date, 
(3) average flight altitude,  km,   (4) excess atmospheric C14 

in I g of air,   ID"5, and (5) com ter material. 
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.14 
Figure I.    Stratospheric C      distribution at various altituJes, 
a- 1967, b- 1968,  c-1969. 
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Zuyev,   V.   Ye., A.  V. Sosnin.  and S.  S. 

Khmelevtsov.    Attenuation of ruby laser 

radiation in the surface boundary layer 

from temperpture retuninq of its wave- 
length-    ZhPS,   v.  17,  no.  2,   1972,  361-363. 

Surface boundary layer absorption spectra were investigated 

in the 6942 to 6945 A range using medium resolution laser spectrometry. 

A ruby laser rn the free running mode was used.    The emission line half- 

width varied only slightly during spectrum retuning and was equivalent to 

0. 2 A while crystal temperature was varied from 4 to 60° C.    The exper- 

imental setup,   similar to one used earlier by the author« (FAiO,  5,  859, 

1963) included a 1:20 mirror collimator aperture ratio and an output pupil 

of 100 mm.    Single pulses up to 1 msec were recorded; measured pulses 

were converted into a short duration sequential series with a total pulse 

output proportional to the energy or the average current of the measured 

pulse.    The experimental results plotted in Fig.  1 are based on coefficients 

of attenuation,   scattering, and absorption as a function of laser wavelength. 

a, MM' Fig.   1.    Relationship of 
coefficients of attenuation (1), 
scattering (2),  and absorption 
(3) to ruby laser wavelength. 
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Two absorption lines with centers at 6942.4 and 6943.9 A were 

identified and satisfactorily compared with spectral line data reported 

byLong(Proc.  IEEE,   51,   5,  859,   1963).   Absorption coefficient 

calculations using data from Fig.  I varied between 0.022 and 0.078 km'   . 

The absorption coefficient data are not generally recommended for 

calculations rfruby laser or precipitated water layer absorptio • «ince the 

measurements were made using a generator with the same emission line 

width as the investigated absorption line width.     A line width substantially 

narrower than that of the atmospheric abso-ption spectra is recommended. 

Boronin, A.   P.,   Yu. A. Medvedev,  and 

B.  M.  Steparov.    Electric pulses from volume 

pulsation of explosion charge products.    DAN 

SSSR,   v.  206,  no. 3,   1972,  580-583. 

Oscilloscope traces of low-frequency electrical pulses were 

recorded for 2-3 m«ec several meters from an explosion of 54-660 g 

charges of TNT-RDX 50/50 ignited by a fuse.    Tne recordings were used 

to quantitatively describe the pulse field at a greater distance and over a 

longer time period,  and to correlate pulse parameters with the self-similar 

gasdynamic parameters of an explosion.    The authors earlier studied 

only the initial explosion period lor Shockwaves of ^O r   ,  (explosive charge 

radius) and typically over a ~150 t^sec period for a 50 g charge.    Oscilloscope 

traces exhibit fairly pronounced peaks of the primary negative signal at 

t2=;600,  t4~l600,  and t, ~ 2500 ^sec.    The pulse amplitude and character- 

istic width increases with an increase of the charge mass m, without 

affecting the pulse shape. 
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On the basis of a statistical analysis of several huidred 

oscilloscope traces obtained from about 100 tests at different distances 

R from the explosion site, the electrical pulse can be described by 

-'r(0[-¥']#[w]".  Jwi   r-     1*1-". 
(i) 

I 
I 

where t    = tm is dimensionless time,  y(t  ) is a universal function of 

t   ,  E*(t2) is the pulse field potential at a time t, and 2. 5 m from the 

explosion of a 54 g.  charge, « = 0. 99 ± 0. 2,  and /8 = 2,6 T 0. 7.    Eq.  (I) 

showfa that fcr a ten to hundreds gram charge the pulse amplitude is 

proportional to m and~R     ,  and the pulse shape is described by t(t ). 

The self-similarity of the Y (t  ) function (Fig.  la)  indicates that the physical 

mechanism of electrical field excitation is correlated with gas dynamic 

processes. 

I 

w I I'I, ii  
/.__    'nec.-*kg. 

Fig.  I.  a- Experimental pulse shape versus srlf- 
similar time t0 curves:   solid - m = 54 g. ,  dotted- 
m = 660 g. ,  and dot-dash-m=225 g.    b- dimensionless 
radius versus t0 curves:   solid-theoretical at the detonation 
products front,   dot-dash-at the main shock wave 
tront in air,   dotted-at the reflected and refracted shock 
wave fronts; small circles-experimental data on the propaga- 
tion boundary detonation products. 
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Fig.   lb show« tnat the extreme position« of the experimental r(t0)r 

curves,  at t3,  t^,  t5, and t° time«,coinci^e (within the experimental* 

error) with the corresponding poeition« on the theoretical curve.  It 

i« concluded that the o«cillatory structure of a pulse field can be 

Bati«factorily correlated with the volume pul«ation« of detonation 

product«.    Thi« conclu«ion confirm« that low-frequency electrical pul«e 

generation relate« directly to a non«tationary expansion of detonation 

product«.    Tne electrical field «ource i« as«umed to be an effective electric 

dipole with a nonuniform charge di«tribution in its volume.    Two hypotheses 

are proposed to explain the source structure.    The first hypothesis that 

the electric charges are concentrated near the detonation product« front 

agree« with the experimental «ignal amplitude dependence on charge 

ma««.    In thi« ca«e,  the particle total electric charge i« proportional to 

the «urface layer ma«8 of the explo«ive charge.    The «econd hypothe«i« 

that the charge« are distributed uniformly in the detonation product« 

volume contradict« the experiment,   since the hypothetical pul«e amplitude 
would be proportional to m       . 

Mi.rkov, A. A.    Investigation cf reliability 

of «elf-«imilar solution« to theory of 

explosions in the atmosphere.    DAN SSSR, 

v.  206,  no. 1,  1972,  47-50. 

A theoretical analysis is made of the adiabatic propagation 

of an inviscid perfect gas,  generated by a point explosion in an exponential 

atmosphere.    In contrast to the earlier studies of Rayzer,  the equations of 

gas motion and the relations for the upward and downward shock wave« 

contain two dimensionless parameters which represent the effect« of Earth 
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gravity (Ag) and counterpressure (Ap).    It is shown that when Ap = Ag = 0, 

the mixed boundary-value problem has a single solution for perturbation, 

and the boundary values of gasdynamic parameters depend on a self- 

similar solution.    The exact solution nonuniformly approaches the self- 

similar model as the Lagrangian self-similar variable 17—►».    The 

difference between the exact and self-similar solutions can be evaluated. 
2 2 

Analogous solutions were obtained for Ap   + Ag  >0. 

Mel'nikova,  N. S.    Explosion in a medium 

with variable density,  taking alternating 

counterpressure ii *o account.     PMiM, 

v. 36,  no. 4,   1972,     26-635. 

The initial and subsequent stages of an explosion in a 

medium with variable initial density Di  and initial pressure p. are analyzed. 

The medium is defined by 

P» — Ar*, pi = Cr-" (1 ^ ( 

where r is a Eulerian coordinate.    The explosion-generated adiabatic 

turbulent motion of the medium is described by three differential equations 

which satisfy the boundary conditions 

v (rt. /) -= vt,     f (r,, I) m fc,     p (r, <) = p, (2) 

at a shock wave front with a radius r?(t).    Solution of the explosion equations 

is sought in the form of the dimensionless quantities 

.50. 
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as the functions of two variables 

*-k a't 
9 = IT.    fli==fl(rt) 

(4) 

and the symmetry constant V= I,  2,  3; adiabatic exponent y; w; and *. 

An exact solution  for the initial explosion stage was obtained only when 

Ü) = (Oi 
3V_2 + T(2-V) 

T + l (5) 

In this case,  the self-similar solution,  omitting the effect of counterpressure^ 

was made possible by linearization of the initial set of equations.    The 
problem becomes non-self-similar when counterpressure is considered. 

The characteristic functions of turbulent gas motion are described by 

the equations 
_P_ 
Pi 

1 + (TTlr^1 -O - ^-^(7/. 4-^,InX)InX (T+T)'„ 
-^(l-/MnX)Xf    f-a«.    a = v(-*--l)-a.±L.    ^ ±. (6). 

and the Hj-H. functions of these equations are defined.    Equations (6) were 

derived by integration of the initial set of equations using the formula 

r.c(0{-» + » (7) 

where ^ is the Lagrangian coordinate.    Eqs.  (2) and (6) show that all 

characteristics of turbulent gas motion can be expressed through the r?(t) 

function, which is determined from the integral equation of the energy continuity 

The equation of shock wave motion is derived from the integral equation 

and solution of Eq.  6,    The linearized and nonlinearized solutions are used 

to calculate the hj(A),   g,(X),  f (X),  p/p2(X),  p/p2(M,   and v/v(X) functions 

for v= Z and 3 and various x, y,  03,  and q values. 
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Zvolinskiy,  N.  V.    Hydrodynamic theory 

of explosion effects and an incompressibility 

diagram.    PMiM,   v. 36,no. 4,   1972,   726-731. 

The continuum motion from an explosion is analyzed using 

an incompressibility diagram.    The diagram is a set of hypotheses on the 

incompressibility and ideal state of the medium,  assuming small-magnitude 

deformations and displacements.  These conditions may be close to reality 

in the first stage of the explosion-generated motion of a continuum.    Motion 

of an ideal compressible medium under small scale deformations is 

described in a linear appi oximation by the scalar wave equation 

AP-^-ä«i- = 0'    a=-Tr (1) 

where p    is the constant density.    Equation (1) is used to determine the 

pressure field p(M,  t) in a random space B with a piecewise continuous 

boundary surface S.    The solution to the motion problem of a compressible 

medium subjected to a given limit load is thereby reduced to a mixed boundary 

value solution of the wave equation.    Based on (1),  the velocity field is 

determined from 

v(A/,/)-_-lJgTadp(Af,T)dT (2) 
• 

The solution is simplified by introducing the incompressibility diagram, 

i.e.,  assuming the medium is incompressible and the process is stabilized 

after a characteristic time T.    The boundary values of dynamic p(M,  t) and 

v(M,  t) can then be respectively calculated from 
1 

n{Q)=\f{Q.t)dt 

(3) 
and 

v = —Po-1 gradll (4) 
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n(Q) is the pressure pulse in a point of S.    The p and v functions thus 

calculated are independent of t,  in agreement with the concept of an extremely 

short duration asymptotic process.    Mathematical proof is obtained that 

the rr-.an pressure pulse Po{M) is a harmonic function of the set B and its 

boundary value on S is 

P*{Q) = ?•«?),   Q(=S,   F8((?) = l|m(i-J/«?.T)(<-T)dT) 

The boundary value of the mean velocity is 

Vo(M) =-po'1 grad Po(M) 

The V0(M) is correlated with P (M) by the formula 

i 

v (A/, /) „ _ JL grad J p (^ T) dx 

(5) 

(6) 

(7) 

The incompressibility diagrar. describes the compressible medium problem 

in an integral asymptotic form at t—►».   Application of the diagram is limited 

to problems in which the solution depends on the integral explosion effect, 

and to the case of high-velocity waves. 
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i.     Shock Wave Effects 
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Bagdoyev, A. G. ,  and Z.  N. Danoyan.    Study of motion of a medium 

near a Shockwave contact point using linear and nonlinear formulation, 
ZhVMMF,   no. 6,  1972, 1512-1529. 

Borovoy,  V.   Ya. ,  and Ye.  V. Sevast'yanova.    Techeniye gaza i 

teploobmen v zone vzaimodeystviya laminarnogo pogranichnogo 

sloya s udarnoy volnoy vblizi polukryla,  ustanovlennog-) na plasUne 

(Gas flow and heat transfer in a laminar boundary laser interaction 

zone with a shock wave near a half wing mounted on a plate).    IN: 

Trudy TsAGI,  Moskva,   no. 410,  1972,  19p.    (KL,  48/72, no. 38607) 

Gvozdeva,   L. G.,  and A.  K. Stanyukovich.    Reflection fr om a 
terrestrial surface of shock waves generated from meteorite impact. 

Astronomicheskiy vestnik,  v. 6,  no. 4,  1972,   228-236. 

Kolodyazhnyy, A.  V.    Buckling dynamics of finite length cylindrical 

shells under non-axisymmetric shock wave loading.    IN:   Sbornik. 

4-ya Vsesoyuznaya konferentsiya po problemam ustoychivosti v 

stroitel'noy mekhanike,  Moskva,  1972,  169-170.    (RZl.Mekh,  11/72, 
no.  11V413) 
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Korobeynikov,  V.   P. .  and Yu.  M.  Nikolayev.    Shock waves and 

magnetic field configuration in interplanetary space.    Cosmic 

Electrodynamics,   v. 3,  no. 1, 1972,  25-44.    (RZhF, 10/72, 
no. 10G84) 

Kuskov, A.  M.    Calculating diffraction from w.^ak shock wave 
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A.     Abstracta 

Bulin,  N. K.    Crustal thickness in 

Pamir.    IN:   Akademiya nauk.    Doklady, 

v. 204, no. 1, 1972, 167-170. 

The results of crustal studies performed in Pamir and 

southern Tien-Shan in 1963-65,   using converted PS-waves from distant 

earthquakes are described.    The observations were made at 110 mobile 

seismographic stations set up along traverses having a total length 

exceeding 1500 km (see Fig.  1).    Additional data from 3 5 regional seismo- 

logical observatories, as well as earlier data obtained by the author, were 

Fig. 1.    Surface Relief Map of the Mohorovicic 
Discontinuity in Pamir and the Eastern Part of 
Southern Tien-Shan. 
/ 

1- 'Jepth contours Trom the data on PS-waves 
from earthquakes obtained in 1961-66; 

2- from DSS data (Kosminskaya, 1958) 
3- from refracted waves from near earthquakes 
(Ulomov, 1966) 
4- from data on near earthquakes (Kukhtikova,  1967) 
5- points of depth determination from PS-wave 
6- profile lines of deep seismic sections shown in 
Fie  2. 
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used in the interpretation.    The results are summarized in two figures: 

Fig. 1 shows a surface relief map of the Moho discontinuity,  and Fig. 

2 shows deep seismic sections along profiles I - 1 and 11 - 11 (also indicated 

in Figure 1).    Up to a depth of about 100 km, the crust and upper mantle 

are characterized by block structure (Fig. 2).    Nearly vertical deep zones 

between large blocks are outlined tentatively.    The most distinct conversion 

interfaces are horizon A within the   granitic layer and the Mohorovicic 

discontinuity. 

Depths to the Mohorovicic discontinuity range from 38-52 km 

with the most frequent value between 46 and 48 km.    Th.is, the crustal 

| thickness in Pamir (including the Pamir-Alay zone and the   northern part of 

the Tadzhik depression) and the southern Tien-Shan is in accordance with the 

J mean value for all of Central Asia (50 ± 10 from DSS data and 45 ± 5 from 

near earthquakes).    Maximum depths of 50-52 km are found in southwestern 

Pamir and in some local areas in eastern Pamir and southern Tien-Shan. 

Thus,  great depths are found is Tien-Shan and not exclusively in Pamir. 

0 Minimum depths to the Mohorovicic discontinuity (40-45 km) are found in 

the Tadzhik depression, Alay valley,  and Gul'cha basin, but only at on« locality 

in Pamir.    The relief of Mohorovicic discontinuity is fairly smooth, with 

j step-wise changes in depth of 3-5 km confined mostly to the junctions of 

orogenic provinces.    The trend of the depth contours of the Mohorovicic 

discontinuity coincides with the trend of surface Paleozoic and more 

ancient folded structures.    While estimates of the crustal thickness in Pamir 

i compare favorably with a number of sei^mological data (Treskov, 1957,  Lukk 

' and others,   1965; Bune and others, I960,  Kukhtikova and others,  1967), 

[they are in conflict with other seismological (Ulomov,  1966;  Nersesov,  1962; 

Choudkhuri,  1959) and DSS (Kosminskaya, 1958) data.    The present results 

of the most detailed up-to-date seismological studies do not give any 

evidence of an anomalous (70-75 km) crustal thickness in Pamir, widely 

accepted on the basis of seimological,   DSS,  and gravity data. 
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Lursmanashvili,  O.  V.    Uniform variation 

in the   date    and origin times of strong 

earthquakes in Transcaucasia.    IN:   Akademiya 

nauk Gruz SSR.    Soobshcheniya, v. 66,  no. 3, 

1972,  581-583. 

The results of the analysis of the variation of the date (month 

and day) and origin time of earthquakes with M> 5. 75 in Transcaucasia 

during 1840-1970 are described.    It is shown that the variation of the data and 

origin time for that period were regular and similar, and coincided with 

the secular variation of solar activity (see Figure 1).    A simple empiric 

expression is derived for the earthquake date/time relation.   An attempt 

is made to predict the date and time of future strong earthquakes over the 

next decade. 
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Dubrovskiy,  V. A.,  and V.  L.   Pan'kov. 

Amplitude ratio of PcP and P waves. 

IN:   Akademiya nauk SSSR.    Izvestiya. 

Fizika Zemli,  no. 6,  1972,  81-84. 

An attempt is made to explain anomalously high experimental 

values of the reflection coefficient of PcP waves.    A solution is suggested 

in which the small changes of the velocity of seismic waves,  assumed within 

a thin layer above and below the solid-fluid boundary,  yield an increase of 

the reflection coefficient sufficient to fit experimental data. 

The calculations are made using the expression for the 

reflection coefficient derived for the case of a P-wave incident through a solid 

against a plane solid-fluid boundary in terms of T7 = K/K'.  p = V  /V  .  and 
./ PS 

x = p /p#     The results ar^ shown in the form of a) R = f(i  ) 

curves calculated for fixed values of p = 1.9-1.7, rj = 0.6-0.8 and x = 1.7; 

and b) R/R0 = f(ic) curves when Ro is the standard value calculated for 

p = 1. 9, ri = 1.0 and x = 1. 7.    It is shown that with a small increase in the 

shear wave velocity (A Vg^ 0.3-0.5 km/sec) and decrease in the compressional 

velocity (A V^ 0.25 - 0.3 5 km/sec), R can increase by a factor of 1.5 at 

intermediate angles of incidence (3 0° < i    < 70°),  and much more at small 

and large (3 0    > i    > 7)  ) angles of incidence. 

A physical interpretation is suggested of the assumed increase 

of shear wave velocity (or shear modulus) and decrease of compressional 

wave velocitv (or incompressibility) on the basis of the hypothesized 

mechanism of density differentiation in the mantle and expansion of the core. 

-72. 



I 

I 
I 
1 

I 

Kogan,  S.  D.    Study of the dynamics 

of a compressional wave reflected at 

the Earth's core.    IN:   Akademiya 

nauk SSSR.    Izvestiya.    Fizika Zemli, 
no. 6, 1972, 3-20. 

The results of a study of the dynamic characteristics of 

PcP waves are described.    The records of P and PcP waves are described. 

The records of P and PcP waves from nuclear devices exploded at 

Amchitka Island,  in Asia,  and in the Arctic Ocean regions obtained for 

the epicentral distance range at A = 13-70    are analyzed.    The following 

characteristics are considered: 

Recording distance rarge. 
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PcP waves are observed at all distances in the range A = 

13-70  .    The average observation frequency near 30    is no smaller than 

at other distances within the A = 20-60    range. 

Phase of PcP waves. 

Phase correlation of PcP waves generated by the same explosion 

and reliably recorded by the SVKM and SVK seismograph systems at different 

epicentral distances revealed no phase reversal relative to P waves at 
distances A > 16   . 

Ratio of amplitudes of PcP and P waves. 

Dispersion of the Apcp/A    data points due to different 

instrument constants are found to be insignificant for the absolute band width 

0. 7 Vmax > 0. 5 sec and Tmax < 1. 0 sec.    Apcp/A    determined for the waves 
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generated by different explosions and recorded at the same stations are 

found to differ greatly, in some cases by a factor of 2.    The accuracy of 

an individual determination of amplitude ratio under optimum conditions 
is ± 0.1 - 0.2. 

Amplitude spectra of P and PcP waves . 

Spectral analysis was accomplished using mainly records 

of the Longshot explosion,   recorded by the SVKM seismograph system. 

The amplitude spectra in the frequency range 0.6 - 1. 5 Hz (which corresponds 

to the absolute bandwidth of the system) corrected for the frequency response 

of the system were considered.    The amplitude spectra of P waves are 

characterized by pronounced maxima shifting from 0.6 to 0.4 Hz (as 

epicentral distances increase from 16. 5 to 65.6°) and rapid diminution   of 

spectral components towards both the higher and lower frequencies.    The 

comparison to the above, the amplitude spectra of PcP waves have maxima 

at higher frequencies and a slower diminution of their components, 

particularly for small epicentral distances.    The amplitude spectra S(f) 

obtained for different epicentral distances are compared using criteria: 

a) y - exponent in the expression   S(fm)    = Ü. y ( in thi8 case fm = 0.6±0.1 Hz, 

S(fi) fm 

fi = 1.4±0.1 Hz) and b) tga - slope of cummulative curves ZS{{i).    It was 

found that y-, diminishes with epicentral distance.    Dispersion of V 
Pc P 

is higher than that of yp.    The average value of y over the entire 

distance range (5>pcp = 1. 73 ± 0.16) differs little from the    average value 

of ypfor distances exceeding 50° (^p = 1.78 ± 0.16),  tgapcp increases more 

rapidly than tgrrp up to fi = 40°, while at greater distances,   the differences 

between them either become small or vanish.    It is concluded that at A < 50° 

absorption of P waves is higher relative to PcP, while at A > 50°, it decreases 
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relative to the PcP waves.    This conclusion is confirmed by data on the 

period ratio T^  ^/T^, which is found to be as follows: 
^ PcP     P 

&<50O Ä>50O 

TPcP/TP 
No.  of observations TPcP/TP 

No», of observations 

0.86 ±0.7 

0.79 ± 0.03 

17 

64 

0.97± 0.03 

0. 96 ± 0. 03 

20 

30 

The ratio of the spectral component of P and PcP waves 

IS-p „(^/S   (f)l   is found to depend on frequency up to b^^40  .    The ratio 

increases With frequency,  reaching a maximum at 1.3  - 1.4 Hz.    In the 

ü = 40-60    distance range, the dependence is not very clear; at Ä > 60    it 

does not exist. 

Differences between experimental and theoretical data 

on the ratio A^ _,/A    at A > 50°.  Pc P     p      ' 

The experimental values of A—  p/A^at A = 53-68    is found 

to be 0.45±0.4 (averaged from 20 observations, 1 m 0.17).    The average 

values for the ratio of spectral components for P and PcP waves based on 

five amplitude spectra at A = 53.8 - 65.6° are greater than 0.2 at all 

frequencies.    Thus,   experimental values of A„  ,%/A_ at A > 50° are: 
Pc P     P 

a) larger by a factor of 2 than the theoretical values calculated for the 

standard model of the mantle-core boundary with V   /V    = 1.89,  p'/p = 1.7, 

K/K' = 1 (Dana,   1945); b) in agreement with theoretical values calculated for 

V  /V   = 1.7.   p'/p = 1.7,  K/K1 = 0.6-0.8 (Dubrovskiy and others, 1972); 
P    ö 

c) in agreerient with theoretical values obtained for the thin-layered model of 

the mantle  core transition.    Thus,  although the nature of the boundary between 

the mantle and core  cannot be  determined on the basis of this data,  it can 

be concluded that the elastic parameters of the medium in the mantle-core 

transition differ from those assumed in Bullen's model A. 
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Rykunov,  L. N., and Fam Va i Tkhukh. 

Study of the effect of local discontinuities 

on Ravleit;h wave field.    IN:   Akademiya 

nauk SSSR.    Izvestiya.    Fizika Zemli, 

no.  5, 1972, 65-71. 

i 

Model studies of the effect of discontinuities on Rayleigh 

waves were conducted for the following cases:   a) abruptly terminated or 

varying layer thickness in a half-space; b) a vertical slit in a half-space 
and c) an inclinet wall in a full space. 

In the first case a two-dimensional model simulated a 

sedimentary layer over crystalline rock.    A noticeable characteristic of 

the Rayleigh waves is an increase of the amplitude of transmitted waves 

(Kt>l) at the edge of the layer,   regardless of the velocity and density ratios. 

An explanation for this effect was found through analyzing the distribution of 

energy and displacement in Rayleigh wavis with respect to depth.    It was 

found that as Rayleigh waves propagate from the layer to the halfspace, 

a redistribution of energy and an increase of the vertical component of the 
displacement occur. 

I 

c 
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I 

In the second case,  a two-dimensional model simulated a 

fault with a width of 0. 04XR and depth H = 0 - XR.    It was found that the 

amplitude,  amplitude spectrum,  and traj-rtory of the particle motion change 

as the Rayleigh waves propagate    across the slit.    Immediately after the slit, 

the amplitude of tht vertical component rapidly diminishet forming a 

"shadow zone". The deeper the slit,  the farther from the slit are the 

amplitude minima in the shadow zone and maxima.    The charges of amplitude 

are accompanied with changes of the trajectory of the particle motion. 

f*arly elliptic trajectories correspond to the minimum amplitudes, while 

very complex ones are attributed to the initial part of the "shadow zone" and 

I 

T 
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the amplitude maxima.    As the distance from the slit increases the 

trajectories resume their elliptic shape.    The amplitude spectra are 

characterized by a simple shape corresponding to minimum amplitudes and 

a complex shape corresponding to maximum amplitudes. 

In the last case,  a change of the relief at a free surface was 

simulated.    It was found that the amplitudes of vertical components of 

Rayleigh waves decrease abruptly (Kt = 0.28,  Kr = OJ,  their phase being 

reverse,  as they pass through the lower point of the incline with a = W2 

(vertical boundary).    For a = 0 - tr/2, the relation Kt = -0. 46* + 1 ottains. 

An analysis of the radiation pattern of S and P waves generated by Rayleigh 

waves incident against the corner of the incline with« = Tr/2,  showed that the 

predominant motion occurs along its vertical surface. 

I 
1 

Vakovleva,  I.  B.    Time-distance curve? 

for western Uzbekistan.    IN:   Akademiya 

naukUzSSR.    Institut seysmologii. 

Seysmologiya i seysmogeologiya Uzbekistana 

(Seismology and «eismogeology of 

Uzbekistan),    Tashkent,   Izd-vo Fan,  1971, 

52-60. 

Theoretical time-distance curves of P and S waves for 

near «arthquakes in western Uzbekistan are constructed.    The crustal velocity 

model,  inferred from experimental data assuming a homogeneous multilayersd 

model with horizontal interfaces consists of:   I) the sedimentary layer with 

V   0= 4.S km/sec and H = 3 km; 2) the granitic layer with V-p =5.8 km/sec 

and H = 1° km; 3) the basaltic layer with V   ^6.5 km/sec and H = 18 km; and 
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4) the upper mantle with V— ■ 8.1 km/sec.    S- wave velocities are determined 

from K = Vp/Vg which yields 1.91, 1.74,  1.71 and 1.70 for the four components 

of the model,  respectively.    Theoretical time-distance curves are 

calculated for focal depths of 5-35 km (at 5 km intervals) and epicentral 

distances 0-800 km (in the 0-3 00 km range,  at 5 km intervals and in 

300-800 km range,  at 10 km intervals).    The curves were found to be 

valid for the determination of the epicentral coordinates of western 

Uzbekistan earthquakes.    The observed dispersion of experimental data points 

around the theoretical time-distance curves is explained as being likely 

due to anomalous travel times in some parts of the region. 

Matasova,   L.  M.,  and G.   V. Gavrilova. 

Seismicity of the Chadak reservoir area. 

IN:   Akademiya nauk Uz SSR.    Institut 

seysmologii.    Soysmologiya i seysmogeologiya 

Uzbekiktana (Seismology and seismogeology 

of Uzbekistan).    Tashkent,   Izd-vo Fan,  1971, 

19-24. 

The results of a study of the seismicity of the Chadak reservoir 

area in eastern Uzbekistan are described.    Data on earthquakes with K = 9-15 

and focal depths of 45-50 km, which occurred in the period 1868-1968,  are 

used for the construction of a epicenter map and a contour map of A,«. 

Observational data on earthquakes with K >  9 which occurred in 1951-68, 

represented by their energy class,  are used for plotting a recurrence 

graph.    This recurrence graph is characterized by a slope of y = 0. 44 ± 0.12 

(similar to the values found for other seismic regions in Uzbekistan) and 

A10 = 0.095. 
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Ulomov,  V.  I. ,  and N.  V.  Shcheglov. 

Study of the dynamic characteristics of 

seismic vvaves.  using photoelastic models. 

IN:   Akademiya nauk Uz SSR.    Institut 

seysmologii.    Seysmologiya i seysmogeologiya 

Uzbekistana (Seismology and seismr s«»ology of 

Uzbekistan).    Tashkent,  Izd-vo Fan,  1971,  73-77. 

A review is given of the basic principles and capabilities 

of photoelastic methods in seismic model studies. 

The photoelastic method provides visualization of stress 

distribution within models,  using polarized lights.    The photoelastic 

stroboscopic model study provides quantitative analysis of the dynamic 

characteristics of the wave field directly within a model.    When combined 

with oscilloscope records of oscillations on the free surface of the model, 

it provides unambiguous interpretation of oscilloscopic data. 

The method is primarily used in the study of kinematic and dynamic 

characteristics of seismic waves propagating through a continuously deformed 

medium, for the purpose of indentifying indicators of fracture in an elastic 

medium. 

Tarkov, A,   P.    Mineralogical-petrological 

model of the crystalline crust and upper mantle 

of the Voronezh massif,   based on deep seismic 

sounding.    IN:   Akademiya nauk SSSR.    Izvertiya. 

Seriya geologicheskaya, no.  4,  1971, 17-28. 

Data on seismic velocity obtained through deep seismic 

sounding (DS£) in the Voronezh crystalline mass'f is analyzed and a minera- 
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logical-petrological model of the crystalline crust and upper mantle is 

inferred.    The crustal and upper mantle velocity characteristics were 

determined from near-vertical incidence reflections and head waves. 

The average velocity in the crystalline crust varies from 6.2 to 6.6-6.7 

km/sec from the southwest to the northeast and of the DSS profile 

(see Fig.  1).    In the upper mantle (at a depth of 75-80 km),  the average 

velocity V = 7.0 kir/sec.    In the crystalline crust,  the layer velocities 

Kupyaivk 

EEü/ B' » 

Fig.  1.    Velocity Section along the Kupyansk- 
Lipetsk Profile (after Chamo,  S. S. ,  and others, 
1968). 

1- Seismic interfaced; 2- Mohorovicic 
discontinuity (Mj); 3- upper mantle interface 
(M2); 4- fault zones. 

increase gradually with depth from 6.0-6.2 to 7.3-7.5 km/sec.    They 

continue to increase in the upper mantle reaching 7.5-8.0 km/sec at a depth 

of 7. 5-8.0 km in the southwestern and northeastern part of the profile, 

respectively.    The Mohorovicic discontinuity velocity varies from V   =8.0 

km/sec in the central part of the profile, to 8.6 km/sec in the northeastern 
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part.    The refractor velocity along the deepest upper mantle interface is 

Vr = 8.8 km/sec.    Three structural blocks (soutliwestern,  central and 

northeastern),  are characterized by different velocity distributions. 

Assuming a continuous velocity-depth relation,  diagrams of velocity and 

density distribution V(Z) and 0(Z) are constructed for each block (see 

Fig. 2) and a four-layer velocity model is derived.   A mineral paragi-nesii 

with specific composition corresponds to each layer.    In each layer, the 
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V   tf    V   W.KVm/i V—V     y »   ykm/iy   V    #_#_.? km/« 

/•y y ^ jj-jj^v y n y u^v // ^ y y^, 
*i  . ü I _ . j' p 

£Zi' S* (!ZIJ B< E3^ 1^1^ ^' RTl^ 

Fig.  2.    Crustal and Upper Mantle Velocity and 
Mineralogical-Petrological Models of the Voronezh 
Crystalline Massif. 

1- Facies of green shale; 2- facies of amphibolite; 
3- facies of basic granulite; 4- facies of charnockite; 
5- facies of eclogite; 6- Mohorovicic discontinuity 
(Mj ■; 7- upper mantle interface MO; 8- layer velocities. 

velocity increase in characterized by a constant vertical gradient dV/dZ 

which reaches a maximum in the crust-mantle transition layer (layerlll). 

The values determined for dV/dZ exceed laboratory data by increments of 
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1 and 1.5-1.7 sec      for the crust and upper mantle,   respectively. 

dV/dZ increases from the northeast to the southwest in the crust and 

crust-mantle transitions, while in the upper mantle it increases in the 

opposite direction.    This indicates the existence of different courses 

|        ■ in the development of the tectonosphere,  related to phases of 

' eclogitization and granitization. 

I 
Krylov,  S.  V,,  et al.    Deep seismic studies 

in the Transbaykal region.    Geologiya i 

geofizika, no. 12, 1971, 108-112. 

The results of deep seismic sounding in the region south 

of lioke Baykal, which are a continuation of studies begun in the Baykal 

rift zone in 1968 (Krylov,  S.  V.,  et al:   Crustal structure along the DSS 

profile extending across the Baykal rift zone,  1970) are described.    The 

investigations were continued by point seismic sounding along a traverse 

intersecting the southern   margin of the Siberian platform,  the Baykal 

depression and the Baykal mountains characterized by Hercynian,  Caledonian 

and Baikalian folds,  (see Fig.  1). 

The results of all DSS studi  a are summarized in the form 

of a scheme  of the Mohorovicic discontiunty structure (Fig.  1) and a seismic 

(velocity) section along the 700-km-long AG profile (see Fig.  2). 
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Fig. 1.    Outline of the Mohorovicic Diecontinuity Structure 
in the Baykal Rift Zone ard Adjoining Regions from DSS Data. 

DSS profiles; a- segments with normal  Moho discontinuity velocity 
(Vr =8.1  km/sec),  b- segments with low velocity (Vr =7.8 km/sec); 

2- averaged depths to the Moho discontinuity (in km); 3- boundary 
of the low-velocity zone in the Moho discontinuity; 4- segments with 
sharp escarpment? »t the Moho discontinuity; 5- the Baykal rift 
zone (after Solonenko, 1968); 6- major deep-seated faults from 
geological data; 7-  boundaries of folds of different geological age: 
(B- Baikalian,   C- Caledonian,  H- Hercyan);  8- boundaries of 
Mesozoic-Cenozoic basins. 
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Siberian Platform 
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Baykal Folded Region 
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700* 

Fig.  2     Mohorovicic Discontinuity Velocity and Averaee 
Crustal Velocity (A) and the Seismic (velocity) Section (B) 
ulong the AG Profile. *   ' 

1- Moho discontinuity velocity from refraction data; 
j- the same as 1,  determined from refraction and reflection 
data; 3- average crustal velocity from reflection data; 4- depths 
from refraction data; 5- depths,  from reflection data; 6- linfs 
of   equal layer velocities,  from refraction data; 7- seismic 
U m "!;„; rüfS 0f the ba8ement of the Siberian platform: 
n. m- crustal interfaces. M- Moho discontinuity; 8- assumed 
zones of deep-.eated faults; 9- bore holes which^each the'asement. 
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The study of a zone of anomalously low upper mantle velocities,  revealed 

by previous DSS work, was continued.    This zone extends beyond the 

Baykal rift zone and over a vast territory.    Its northwestern boundaries 

coincide with the northwestern boundaries of the rift zone,  and are located 

near the northern shore of Lake Baykal.    Southeast of Lake Baykal, the 

zone extends 200-400 km farther and is much wider than the rift zone. 

Its southeastern boundary is transverse tc a large geological paleostructure. 

In the eastern segment of the BE profile (tee Fig. 1),  the boundary of the zone 

coincides with the boundary between the Hercyan and Caledonian folds. 

Farther to the west (AG profile), the boundary of the zone  lies within the 

Caledonian folds.    This nonconformity gives evidence that the zone of low 

upper mantle velocities was superimposed over older geologic structure. 

The crustal structure of the Baykal mountainous region 

is characterized by the following features:   Along the 150-km-long segment 

of the profile between  Lake Baykal and Ulan-Ude (see Fig.  2),  the Moho 

discontinuity occurs at a depth of 36 km, while crustal interface 11' lies 

nearly horizontal at a depth of 16-17 km.    Farther to the southeast,  the 

crustal thickness increases stepwise mpfj 46 km, while interface IT rises to 

13 kmj  thus an inverse relationship of structures occurs at different levels. 

On the southeasternmost segment of the profile,  the crustal thickness sharply 

decreases to 40 km.    The Moho discontinuity relief consists of nearly 

horizontal segments (100 km and longer) separated by sharp escarpments with 

heights of 3-4 km.    The escarpments of the Ivloho discontinuity are correlated 

Kwith Mesozoic and Cenozoic basins.    Some basins are located above the 

segments characterized by abrupt changes in the Moho discontinuity reUf. 

This fact may indicate the existence of deep-seated faults extending to the 

upper mantle and creating the observed surface structure. I 
I 
I 
I 
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Anomaloasly low upper mantle velocities as well as high 

heat flow and anomalous1 y low electric resistivity of rocks, observed 

in the Baykai rift zone,  an suggested to be a consequance of warming 

up of interior matter due to recent tectonic processes.    Gravity anomalies 

have a complex relationship with the deep structure determined from DSS 

data,  being sometimes uncorrelated or poorly correlated. 

Kazinskiy,   V. A.    Gravity effect of tectonic 

processes observed in the vicinity of the 

Kadzharan focal zone.    IN:   Akademiya nauk 

SSSR.    Doklady,  v.  203, no.  3,  1972,  574-577. 

Observatioial data on gravity effects are presented,  as 

obtained in the vicinity of the Kadzharan focal zone (Armenia) by two S-20 

gravity variometers during August-October 1970.    Simultaneous 8-hour 

observation periods of air temperature and pressure were also conducted. 

The temperature and pressure variations do not correlate with the observed 

gravity variations.    Six to eight days prior to the earthquake of 16 October 

1970,   originating 3-4 km from the observation unit,  W.Ct) curves obtained 

by both gravimeters (located 1 meter apart) show an upward trend, while 

2W     (t) curves show a downward trend (Fig.  1 a,  b).    In Fig.  1,  the xy 
measurements are given separately for each variometer (a and b) and for 

each recording system (I and II).    It is concluded   that the observed variations 

of W. and 2W      are induced by tcctionic processes preceeding an earthquake. 
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tig. 1.   Variation of Temperature t,   Pressure B,  and Mean 
Diurnal Values of Derivatives Wxz,  W     ,  W^ and 2W       (vertical 
arrow indicates time of earthquake occurence). 
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Fig.  1.   (continued) 
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Puzyrev,  N.  N.    General problems of the 
correlation of eeiBmic waves.    IN: 

Akademiya nauk SSSR.    Sibirskoye otdeleniye. 

Institut geologii i geofiziki.    Diskretnaya 

korrelyatsiya seysmicheskikh voln (Discrete 

correlation of seismic waves).    Novosibirsk, 
Izd-vo Nauka,  1971,  3-15. 

A classification of the methods of correlation of seismic 

waves is proposed,  based on the use of a priori  information on the wave 

field,  elastic parameter distribution,  and geology oi the region under 

study.    The methods of correlation of seismic waves are classified as: 

1) Positional correlation - defined as tracing of waves by 
successively comparing their waveform and amplitude in the x, t plane, 
without using a priori information. 

2) Discrete correlation - defined as the tracing waves requiring 
a priori information. 

In contrast to wave correlation,  as defined byGatiburtsev 
(1946),  the generalizer positional correlation does not require amall distances 

between receivers,  established source positions,  and exlusi^ ely tracing waves 

(or their phases).    In contrast to the previous case,  the cophasal axis criterion 

is not considered necessary.    Transpositional correlation,  as defined by 

Gamburtsev (1946),  is considered as a particular case of a generalized 

positional correlation or discrete correlation.    The reciprocity condition 

is not considered necessary in this case      Thus,  transpositional correlation 

is considered to be applicable to asymmetric waves with the introduction of 

some information on symmetric waves with similar ray geometry.    The 

condition for transpositional correlation of the PPS wave, with information on 
the PPP wave,   is written in the form   T., + tffS - tP 

01 
PPS _    PPP 
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Two major types of discrete correlation are:   1) discrete 

wave correlation which use« mainly wave characteristics as criteria, 

while parametric and geologic characteristics are used only qualitatively 

and to a lesser extent; and 2) general discrete correlation which to the 

same degree uses parametric and geological characteristic of the region 

as criteria as well.    It is noted that under actual conditions, the correlation 

of seismic waves represents a combination of positional and discrete 
methods. 

i 
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Aksenovich, G.  I., R. M. Gal'perina, 

Ye. I.  Gal'perin,  and I.  L.  Nersesov. 

Experience and results of stationary 

seismological observations performed in 

a deep borehole.    Akademiya nauk SSSR. 

Doklady,  v. 198,  no. 4, 1971,  813-815. 

Pronounced improvements in sensor sensitivity are required 

for the study of seismic conditions in large industrial cities in seismically 

active zones.    One method of heightening the sensitivity is to place the 

seismograph in a deep borehole away from the day surface f'  2). 

Valuable experience applicable to the study of wave fields in 

internal media points (boreholes) was gained in the seismic prospecting 

frequency range while developing a method of vertical seismic profiling {3). 

The method allows a shift to much lower frequencies for stationary seismic 
observations in deep boreholes. 

Preliminary results are presented in this report of test 

surveying in a deep borehole in Alma-Ata.    The currently observed lull in 

seismic activity drastically hampers seismic studies in this area and emphasize 

the need for performing such studies.   An abandoned borehole (number 10G) 

in the northeastern outskirts of Alma-Ata was used.    This 3200-meter deep 

borehole is now accessible only down to 2000 meters.    The observation 

conditions in the borehole were below expectations owing to technical problems. 

Observations were made for about one year between 1968 and 1969.    Of the 

more than 1000 earthquakes detected,  about 100 were weak and local (At < 
13 sec,  including about 15 with a A tc     4 3 sec). 

-91 

■  — - 



mm ■ • ■ 

I 
I 

I 
I 
I 

I 
I 
I 
D 
I 

A displacement seismograph was used with a flat frequency- 

response between 1.5 and 8-10 Hz.    Octave resonance filter recordings were 

also made on various frequencies.    Peak frequencies were 1.5, 3.0,  6.0 

and 12 Hz.    The signal was transmitted to the day surface by a four-conductor 

armored logging cable shielded by teflon.    Results show that: 

1) Underground background seismic noise attenuated more 

rapidly than the useful signal. Despite the unfavorable survey conditions, 

seismograph sensitivity at borehole depths was usually restricted by electric 

rather than seismic noi'e. Highly variable with time, the electric noise was 

normally confined to the interval between 2100 and 0200 hours. The optimum 

recording time was at night when the noise level decreased (Fig. 1). At night 

the seismograph could be amplified to 2x10  . 

TStarTlSOO hr 

Fig.  1.    Electric noise background. 

2)   The most intense seismic background noise levels on the 

borehole seismograms usually appeared during severe stores at L,syk-Kul. 

The noise level was however much lower than that at the day surface (Fig.  2). 

Fig. 2.    Microseismic noise from a storm at Issyk-Kul, a - ground 
level, b - borehole seismogram. 
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3)   Simultaneous recordings from the borehole site and the 

Alma-Ata Seismographic Station were difficult to compare.    Most of the 

quakes detected by the borehole site were not recorded at Alma-Ata (Fig. 3). 

Borehole seismograms were indistinct for certain earthquakes that were 

readable on the Alma-Ata Station seismograms. 

11   'i&si 

Fig. 3.    Earthquake detected at 13 57 hours,  15 February 
1969; a - borehole, b - Alma-Ata Station seismogram. 
The arrows denote P-wave arrival. 

4)   A comparison of borehole recordings with those of the 

Talgar Seismographic Station,  located 25 km from Alma-Ata in a favorable 

seismic zone,   reveals that one-fourth of the borehole recorded earthquakes 

were detected in the final six weeks of monitoring when the seis: lograph 

instruments were more sensitive due to significant reductions in electric 

noise.    (The Talgar seismometers are installed in a 100-meter adit in 

crystalline rock).    Most of the local earthquake recordings in the borehole 

were of equal or higher intensity than those made at the Talgar Station (Fig. 

4).    Several earthquakes were detected exclusively by the borehole equipment. 

^•^^vv^A^h^t^-'iii^^ / r 

Fig. 4.    Recordings of weak local (I,   2) and near (V,  2') 
eartnquakes at 0506 hours (1,  2) and 0358 hours (I1,  2') on 
11 March 1969 by a borehole site (1, 1') and a ground station 
(2,  2').    Arrows show the arrival of P and shear waves. 
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5).    Comparison of local earthquake recordings from the 

borehole site with those of ground stations (located outside the city limits 

in a favorable seismic zone but on sedimentary rock Z to 3 km thick) shows 

that the borehole site detected 3 0% more earthquakes during the final weeks 
of observations. 

I 
I, 

Results verify the feasibility of setting up highly sensitive 

seismometer sites in deep boreholes on the outskirts of a city for the seismic 

monitoring of large cities in seismically-active zones. 
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A.    Abstracts 

4.    Particle Beams 

Mkheidze,  G.   P.,  and M.  D. Rayzer. 

Pulse generator of powerful electron 

beams.    KSpF,  no.  4,   1972, 41-45. 

A description and test results are given for an electron 

beam generator with a pulsed current of 20 ka and 20 nsec duration,  and 

an electron energy of 600 kev (Fig.   I).    The test pulsed voltage generator 

\£zs.'-~ 

Fig.  I.    Experimental sketch 

I- ferromagnetic core transformerj' 
2,  4- capacitive detectors; 
3- commutating discharger; 
5- bushings. 

was a Marx-type condenser impact circuit   situated in a 90 cm diameter and 

240 cm long tank, filled with nitrogen at 4 atm.    The generator consisted 

of 22 condensers,  connected in two sections, with two series-connected 

condensers in each section.       Parameters were:   pulse capacitance   =5000 pf, 

inductance rzZ.Sph, wave resistance   ^24 ohms.    At an 300 kv pulsed voltage, 

the system energy capacity was ~l. 5 joules/dm   .    Energy stored in the 

condenser circui'was used for charging the double shaping line (DSL), 

made-up of two parallel-connected double-strip lines immersed in castor 

oil (e = 4).    The strip lines were semi-circular, and the whole configuration 

had a barrel-like shape with a 115 cm diameter and 60 cm height.    DSL 

parameters were:   bandwidth-25cm,  thickness - 4 cm,  gap - 4 cm,  line 

length 1 =  rrD/2*l50 cm,  ( r = 20 nsec),   capacitance   ~20Ü0 pf,  and wave 

resistance   =21 ohms.    The commutating discharger operated at the moment 
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when the voltage U^g.   reached a maximum in two regimes:   self- 

breakdown and trigatro;i ignition.    The field emission cathode was stainless 

steel, 30 mm in diameter and 3 mm thick with 10 2-mm diameter through 

holes.    The cathode chamber pressure was~l0'  torr.    The anode comprised 

a titanium foil or stainless steel screen of LOxLO mm    dimension.    The 

gap between anode and cathode was 10 mm.    Electron beam curreit was 

measured directly in the anode by a shunt resistance in coaxial operation 

(time constant < 4 nsec).    The electron energy flow was measured by a 

calorimeter,   and the electron energy by a magnetic analyser.    Fig.   2 

*V\ 

11 Of' 
50 n, 

Fig.  2.    Typical oscillograms 
cf beam current (a) cathode and 
voltage,   (b) 

shows typical oscillograms of cathode voltage and beam current at U    = 
g 

600 kv,  using a screen anode.    The maximum current attained 17 ka.the pulsed 

curre.it width at mid-height was 20 nsec,  and electron energy was 200 joules. 

Magnetic analyser measurements show the presence ol two accelerated 

particle groups:   one with an energy t^   « 6u0 kev (spectrum width ± 60 kev) 

and the other with   «_ «80 kev (spectrum width ± 20 kev).    Beam current 

measured in the 50|j thick titanium foil anode showed that the electron current 

f   - «80 kev was approximately 12% of total electron current.    At U       = 

600 kv the shaping line was charged to UneT   «"750 kev,  and the electron 

energy was   «.~600 kev.    This discrepancy in experimental results, 

according to the authors,   is due to the high resistance of the commutating 

discharger (discharge channel resistance at a 3. 5 cm gap length »10 ohms, 

and voltage drop of    U = 150-200 kv).    The reason for the appearance of the 

second group of accelerated electrons («-«80 kev) was not evident from the 

experimental data. 
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Tkach,   Yu.  V. .   Ya.  B.  Faynberg,  I.  I. 

Magda,  V.   D.  Shapiro,  V.  I. Shevchenko, 

A.  I.  Zykov,   Ye. A.  Lemberg,  I.  N.  Mondrus, 

and N.   P.  Gadetskiy.    Collective processes 

during high-current relativistic beam transmission 

through gas and plasma.    ZhETF P.  v.  16,  no.  7, 

1972, 368-371. 

Relativistic beam transmission through a 3-meter chamber 

filled with nitrogen was studied at a pressure of 10      to 20 torr.    A plasma 

with a density of 1012 to 5xl013cm'   was generated from ths collective effects 

of field ionizationt excitod by an oscillation beam.    Th^ electron beam was 

compensated by both the charge and the current.   Plasma reverse current 

was 70 to 80 percent of the beam current.    Electron beam parameters 

were:   current to 60 ka; electron energy to I Msv; energy spread ~20 percent; 

and pulse duration 3xl0"   sec.    Beam transmission is illustrated in Fig. 1 

ander the conditions:   a)   bf-am current - 30 ka, pressure - 2x10      torr; a 

typical periodical structure with constrictions 3 mm in radius along the beam 

length was observed with a beam relaxation period of the order of 40 to 50 cm; 

b) beam current -50 ka,  pressure - 4x10"    torr.    Beam macroscopic 

instability develops;   this "hose-type" instability led to lateral beam shifts 

and the formation of "flat kite" type disturbances; c) beam current - 55 ka, 

pressure - I torr. 

Fig. 1.    Electron relativistic beam 
transmission through gas under varying 
conditions. 
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Experiments were made with osculations induced by 

hydrodynamic instability during plasma interaction with the modulated 

relativistic beam.    Self-modulations generated during beam interaction 

with the periodic structure of an iris waveguide sector one meter in 

length were used for the modulation of high-current beams; the structure 

was designed for frequencies of 2500 to 2800 MHz and an attenuation of 

« 0. 7.    The length of the waveguide sector in which increased oscillations 

occurred was «20-30 cm.  considerably shorter than the length of the sect.r 

itself.    High-intensity uhf oscillations were generated with a resonance 

frequency level to 10    and a duration of 2xl0-8 sec.    Diagrams cf the 

discharge and modulation apparatus are included. 

Kramskoy, G.  ^. ,  V.  I.  Kurilko, and 

V. A. Shendrik.    Theory of lateral beam 

instability in an isolated section of a linear 

electron accelerptor^    UFZh,   v.  17,  no.  10, 
197?,  1608-1616. 

Lateral beam instability is analyzed in accelerators with 
long accelerating structures for the conditions T  « T , where T    is the 

particle transit time through the structure (Tp = 1^; L - system length, 

vo- particle velocity),  and Tf is the instability build-up time, equal to thecurrex 

pulse duration  r..    A theory is developed for the beam instability in an 

isolated section owing to the Cerenkov radiation of defocusing axially- 

asymmetrical waves by beam bunches.    Analytical expressions are 

derived for relationships of bunch Uteral displacement to bunch number and 

the isolated section parameters.    Conditions  are specified for lateral 

instability development,  and threshold currents are determined.    It was 

noted that in the absence of an accelerating field,  the threshold current 
: 
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was 50 ma, which was approximately 1.3 times less than an experimental 

critical current value of 67 ma.    The threshold and critical currents 

increased upon application of an a-.celerating field.    The authors point 

out that for comparison with an experiment in which only critical,and 

not threshold,  current is measured,  it is necessary to know the 

relationship of lateral deviation to the bunch number. 

Bol'shakov,  V.   N.    Dischareje of an 

inductive energy storage for obtaining 

a fast-rise pulse.    Elektrichestvo, 

no. 1, 1972,  56-60. 

The author notes that in high current dischargers,   capacitive 

atorage is generally preferred over inductive owing to the coupling problems 

encountered in typical inductive storage.      He suggests ways in vrhich the 

latter difficulties might theoretically be minimized,  so as lo maka inductive 

storage more attractive in view of its lower cost and size for a given 

energy capacity.    The problem is analyzed for both direct- and transformer- 

coupled loads,  in terms of the two main criteria of delivered power-to- 

source power ratio and circuit efficiency.    Examples are given using 

simplified equivalent L-R circuits with load circuit interruption. 
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Katsaurov,  L.   N.    Possibility of usint* fop 

particles as a txr^t g, ^celeration meHi.irr. 

KSpF,  no.   10,   1971,  56-63. 

The feasibility is investigated of using fog-particle jets as 
fxne structure targets for contemporary high-current accelerators.    The 

accelerated beam bombards a target particle,  heats it and produces 

additional evaporation of fog droplets in vacuum.    To prevent target 

particle evaporation before passing through the full width of the bombarding 

beam,   the condition v > I must be fulfilled,  where v is the particle velocity 

accelerated by the difference in potential; this Velocity is limited by the 

maximum possible potential of particle charging and I is the current 

density of the accelerated beam.    At a given target thickness the current 

density is limited by the required maximal capacity of the pump used for 

maintaining the vacuum.    Both linear and cyclic methods of fog particle 

acceleration are described.    The energy of the atomic nucleus is a 

function of the particle radius r.  and is much smaller than the numerical 

value of the accelerating potential.    Each accelerated particle is equivalent 

to the impulse current I.    For ice particles with r = 10"5 cm and an 

accelerating potential of v . 103 kv,  the current is I = 20 a.    The current 

pulse duration^ these particles equals  f   WIO'11,^ and the current 
density Ij* 10    a/crn. 

When two accelerated fog particles collide and come to rest 

a bunch may be generated with a temperature corresponding to the collision ' 

energy; and at a velocity expansion rate (disintegration) of ~108 cm/sec a 

considerable number of nuclear reactions may occur during this process 

The author predicts that a neutron yield of 1013 neutrons/sec using per I kw 
of beam pc-ve- could be obtained at r  = lo'2 cm. 
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Vavilov, S.   P.    Determining the plasma 

expansion rate in a cathode flare durinp; 

pulsed electric breakdown of millimeter 

vacuum Raps.    IVUZ r%  no.  9,   1972, 
139-140. 

An explosive emission experiment is described in which 

plasma jet velocity was measured at high voltage and discharge current 

values.    The wire needle cathodes used were 1 mm in diameter; Fig. 1 

xs a schematic of the circuit.    The negative pulsed voltage applied to a 

/      /    t 

■ n 
Fig. I a)   Experimental setup.l- cathode 
needle; 2- metal grid; 3- collector; u,  i- 
collector voltage and electron current. 

Fig.   1 b)   Typical current oscillogram. 

cathode point reached 200 kv.  and discharge currents attained 3 ka.    Plasma 

velocity was determined by measuring the current pulse duration T. in the 

collector ( v = d/Tj. where d is the distance between the cathode and the grid) 

Experiments were conducted at cathode-grid gaps of I to 7 mm .    Experimental 

results a molybdenum-cathode are given in Fig. 2. it was seen that the voltage 

tMJft. 

A 
• -in ^v 

 L__ 

Fig.  2.    Relationship between plasma 
velocity and cathode-grid gap. 
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had a negligible effect on plasma velocity.    Plasma velocities for Al, Mo 

and Cu cathodes were 2.4xl06.  2.2xl06 and 2.4xI06 cm/sec,   respectively, 

indicating that the cathode materials also only slightly affected the plasma 

motion.    The author concludes that plasma motion lu a cathode flare during 

a vacuum discharge has a specific velocity independent of the voltage and 

field intensity; in this case the gradient exceeded 108 volt/cm at cathode 
tip radii of 5-10 [i. 
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Verzhinskaya. A.  B.,  Yu. D. n'yukhin, 

and V.   B.  Nesterenko.    Experimental stand 

for inve8tie;ating isobaric heat capacity of 

dissociative nitrogen tetroxide at 140-550° C 

and 25-350 kg/cm   .    VANBSSR,  Ser.   fiziko- 

energet.   nauk,  no. 3,   1972,  84-88. 

An ^xperime:,cal stand has been developed at the Institute of 

Atomic Energy, academy of Sciences,   BSSR for investigating the specific 

heat of the dissociating gas system N^ 2 2N202 ??2NO t O, at 140-550° C 

and 25-350 kg/cm  .    The isobaric specific heat of nitrogen tetroxide is 

measured by the methoi of a flow-through adiabatic calorimeter and a 

closed cir:ulation system,  with calorimetric measurement of the How rate, 

developed by the All-Union Institute of Heat Engineering imeni Dzerzhinskiy. 
A diagram of the stand is presented in Fig. 1. 

In order to test the operation of the stand,   control experiments 

were conducted to determine the specific heat of water at isobars of 151 and 

201 kg/cm    in the temperature range of 200-300° C.    The experiments were 
conducted on the basis of isotherms.   Analysis of the experimental error 

showed that the limit error in determining the opecific heat c    of water 

amounts to 0. 7%.   A preliminary analysis of possible errors permits the 

limit error of measurement of the specific heat of dissociation-promoting 

nitrogen tetroxide to be estimated at 0.9-1% (disregarding errors of 
attribution). 

I 

I 
I ■115- 

_  

^«MM^MM 



i 
I 
l 

1 

^ I! 

I 

I 
1 

i 
i 
i 
i 
i 
V 

Fig. 1.    Exjjerimental stand for investigating the 
isobaric specific heat c    of nitrogen tetroxide. 
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Vertogradskiy,   V. A.,  and V.   Ya. 

Chekhovskoy.    Electrical resistivity 

of tungsten-rhenium cermet alloys. 

Poroshkovaya metallurgiya,  no.   10, 

1972,  68-70. 

Il 

I I 
I 
I 
11 

Electrical resistivity p data are presented for W-Re 

alloys over a wide range of solid solution compositions (5-27 wt % Re) 

at I. 200-3. 000° K.    Resistivity was treasured in wire specimens,  annealed 

at 2. 500    K by the potentiometric technique described earlier by the 

authors (TVT.   v.  9.  no.  2,   1971.  438).    The experimental error was < 1% 

and the^additional error due to uncertainties in com  osition was 0.5-1 1% 

atl200    Kand0.3-0.6%at3.000OK.    The experimental p plots (Fig.  1) 

show a linear relationship between o and C(100-C) at %.  in which the alloys 

generally satisfy the Nordheim rule.    The 20% and 21% Re alloys of run no 1 

were the only exceptions to the rule at temperatures above 1. 700° K     In 

agreement with the literature,  this dev. .tion is explained by the presence of 

intermediate phases.    A relative decrease of -5% was found in p of the 20% 
Re alloy (run no.  I) at 2. 800OK. 

Fig.  1.    Electrical resistivity o 
of W-Re alloys versus the product 
of atomic concentrations of the 
components:   I- authors' data. 
2- same for alloys with 20% Re 
(runs no.  2 and 3).  3- literature 
data for the 20% Re alloy, 4- same 
data extrapolated to 2.400OK. 
5- literature data for pure W*. 

• JO 20 . 
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Stulov,   V.   P.    Gas flow on a surface 

vaporizing from radiant heating.    IN: 

Sbornik.    Teplo-i massoperenos, 

Minsk,  v. I,   1972.  423-432.    (RZhMekh 

9/72,  no.  9B469)(Translation). 

A numerical solution is given to equations of supersonic 

flow around a sphere with extraneous gas subsonic injection through 

the front surface according to a given law.    The solution is obtained by 

iteration with alternating application of the Telenin method to the flow 

between the shock wave and the vapor layer and the flow in the vapor layer. 

The profile of the discontinuity contact surface is determined.    The 

calculated numerical data are compared to known analytical solutions.    One 

of these solutions was obtained on assumption of constant but different 

gas densities in the shock layer and the vapor layer (Hill spherical vortex). 

Another solution was obtained by a boundary layer approximation of perfect 

compressible gas equations.    The citsd solutions disagree quantitatively 

with numerical solutions for an arbitrary injection law.   An approximate 

flow analysis was performed for the radiation absorbing but nonemitting 

vapor layer near the axis.    The temperature and thickness of the vapor 
layer are determined. 

Shapiro,   Ye. G.    Static high temperature 

supersonic air flow around a sphere.    IN: 

Sbornik.    Nauchnaya konferentsiya.  Institut 

mekhaniki Moskovskogo universiteta,   22-24 

May 1972, Moskva,   1972,  34.    (RZhMekh, 

9/72,  no.  9B470)(Translation) 

A numerical investigation is presented of equilibrium 
air flow around a sphere at oncoming flow Mach numbers in the 1.5-6 

range,temperatures of 2, 000-6, 000° K,  and pressures of 10"4 to 10 atm. 
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Sultanov.  M. A.    Effect of degree of 

oriented stretrhing on gggtructton 

mechanism in potymer filrriB under 

supersonic plasma flow,    Vysokomoiek- 

ulyarnyye soyedineniya,   v.  14,  no.  2, 
1972,  94-96. 

The destruction pattern of the surface and interior   of a 

teuon film under supersonic plasma flow,  depending upon the degree of 

"l r C50in8' d^r"'-    Ph0t0graPh6 ^ 8UrfaCe and «"^ de-ruction 
at 100,  250,  and 410% orientational stretching,  are given.    The pattern of 

surface destruction changes as the degree of orientation increases-   the 
number of fib        decrea8e8)  and the ^^^^ ^^^^^ ^^ ^ 

^1 cases of change of the degree of stretching,   th. volume of the material 
undergoes intensive destruction     As fh«. ^Q„-        r 
„„    ,    , J auction.   As the degree of orientation increases,  the 

:;i ;tr:c"on 4n the vo,ume inc"""- ^d—«- -— - £ -face and .„terlor „f .He mal3rial,   .hown by ^„^ ^^ J a< 

«he degr« * ,tretching increa.e8    a tenon f.lm .5 Bub.ected ^ ^^^ 

mun.m de..ruc.i„„.    TKe same U alac -.„e fa. o.h« polymer „,„,.      ^ 

de..rUc..o„ of .he „..eru, U cau.ed He.icaUy by a eJZL of .t.ock 

wave action and internal effect of plasma flux. 

Lebedi ,     D.  P. .  and V.  V. Samsonov. 

Characteristics of extBrnal heat and iriasa 

transfer in a vacuum during eafeUgftttg 

I-FZh,  v.   23,  no.  3,  1972,  424-429. 

Vacuum sublimation 0-5x10^    tn^r.\ „r ■      t aoWU„ i,   3Xlu       torr) of ice from a permeable 
cermet plate,  a free ire «nr^«        J H^^meaDie 
..v, , , ^e surface    and quartz sand was studied experimentally 

at thermal loads from 10    to 2xl04w/rr1
2     v mentally 

to ZxlO   w/m  .    Vapor velocity and temperature 
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proWa. over .he .AlümM« flare were determined a. different vapor 

flow rate, and vacuum depth..   The exigence of three region, in the 

vapor flare wa. e.tahU.hed.    Molar heat and ma., tran.fer occur, in 

the dtffurton   wall layer with a turbulent .tructure and     con.tant 

temperature.    The core of the .ublimation flare i. di.tingui.hed by a 
con.tant temperature gradient,   m all experiment., the proce.. „f 

vapor flow from the .ublimation .urface in.o the vacuum „a. identical 

and .imilar to the .ubmerged je. outflow.   The height and dimen.ion. rf 

the vapor flare depend on .he heat load and degree of vacuum.   The effect 

of addmonal vibration on the .ublimation rate in vacuum i. al.o con.idered 

•120- 

.i^-Mi^MM -J 



r 
B.    Recent Selections 

I 
i.    Crack Propagation 

Fremel',   T.  V.,  R.  V.  Torner,  L.  M.  Luk'yanova,  and L. A. 

Flekser.    High pressure failure of rolyethylene in an   [insulator] 

element.    MP,  no. 5,  1972, 935-936. 
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Krasovskiy, A.   Ya.,   Ye. E.  Zasimchuk,  and I. A.  Makovetskaya. 

Local plastic deformation in a microcrack terminus from cleavage 

fracture of polycrystalline iron.    Problemy prochnosti,  no.  II, 

1972,  44-46. 

Peter,   V.  E.    Calculation of crack resistance of prestressed concrete 

structural elements from torsional buckling.    IN:   Nauchnyye trudy 

Omskogo institata inzhenerov zhelezno-dorozhnogo transporta, 

v. 120, no.  1, 1971,  53-56.    (LZhS, 46/72,  no.  153846) 

Peter,   V.  E.    Calculation of crack resistance and deformation capacity 

of a prestressed concrete support from torsional buckling.    IN: 

Nauchnyye trudy Omskogo instituta inzhenerov zhelezno-dorozhnogo 

transporta,   v. 120, no. 1, 1971,  57-62.    (LZhS, 46/7? no. 153845) 

Tomashevskaya,  I. S. ,  and Ya. N.  Khamidullin.    Feasibility of 

predicting time of breakdown of rock samples based on crack growth 

fluctuations.    DAN SSSR, v. 207, no. 3,  1972,  580-582. 
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ii.   High Pressure Research 

Mukhamedzyanov,  I.  Kh., G.  Kh. Mukhamedzyanov,  and A. G. 

Usmanov.    Ihermal conductivity of liquid-saturated hydrocarbons at 
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no. 23B836) 

Stepanova, A. N.. and N.  N. Sheftal.    Effect of AsCl^ impurity on 

growth mechanism and structural improvement of prerrranium 

autoepitaxial films,    Krist.  und Techn. ,  v.  7,  no. 1-3,  1972,  133-140. 
(RZhKh, 23/72, no. 23B592) 

Zotov,   Yu. A.,  I.  F.  Chernomordin,  V.  N.  Maslov,   L.  I.  D'yakonov, 

and L. A.  Nisel'son.    Method of producing epitaxial films.    Otkr 
izobr, no. 32, 1972, no. 330811. 
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Okorokov, A. I.,  and Ya. A. Kasman.    Magnetization of Y-Fer0.2 

close to the Curie point.    FTT, no.  10, 1972, 3065-3068. 

Zvezdin, A.  K., and S. G. Kalenkov.    Effect on phase transition 

of orthoferrite domain structure near the spin reorientation temperatur« 

FTT,  no. 10, 1972, 2835-2840. 
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6.    Miscellaneous Interest 

A.    Abstracts 

Narayeva, M.  K. ,  I. A. Telegin, 

and T.  L. Kulakova.    Phototelevision 

image readout system for Mars-2 and 

Mars-3 automatic interplanetary 

stationb.    OMP,  no.   7,   1972,  27-29. 

The photot.eleviaion units of the "Mars^" and "Mars-3" 

space stations employ an opticomechanical scanner of the autocollimatiaa 

type.    Line scanning is accomplished by the turning of mirror 8 p.bout its 

axis of rotation 12 (see Fig.  I),   resulting in translational movement of the 

I 

15' 

•ffi 

■®9-ar 

1 
Fig. 1.    Optical diagram of an autocollimation-type 
scanner:   1- photofilm,   2- incandescent lamp,  3- 
condenser, 4- objective,  5,  8,  9.   10,   14- mirrors, 
6-diaphragm,  7- photomultiplier,  11- lens. 
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photofilm image with respect to a stationary diaphragm.    Since the 

image shift takes place in the focal plane of the objective,   ielocusing 

is absent in autocollimation scanners; they are essentially two- 

dimensional.    The objective is of the photographic type. 

Due to the inclination of rocking mirror 5 to axis 12 

by angle a.   scanning in the focal plane is not rectilinear,  but takes place 

along a curve approximating a quadratic parabola.    The smaller the focal 

distance of ttie objective,  the greater is the deviation of the trajectory of 

motion from rectilinearity with a given line length.    As a result,  images 

taken on standard photography ground equipment (drum recording) are 

characterized by distortions that vary along the line and remain constant 

with respect to the frame field.    In the present device,  the value of these 

distortions is within the permissible range,  and comprises 2-3%. 

To compensate for the change of line illuminance of the 

scanner,  a condenser has been developed which creates an illuminance 

with a law inverse to the law of illuminance drop in the scanner.    As a 

result,  the change of the composite Signal along the line doe» not exceed 

the permissible value,  equal to 3-4%. 

Prokhorov,   V. G.    Piezoelectric matrices 

for registering acoustic images and holograms. 

Akusticheskiy zhurnal, no,  3,   1972,  482-484. 

V 

The characteristics and test results for three types of 

piezoelectric matrix composites are described.    The first matrix is a 

large surface area metal plate containing longitudina -transverse grooves 
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on one side forming a lattice of metal ridges and a thin uniform base 

layer.    The piezoelements are applied to the reverse side of the uniform 

layer opposite to the ridges to form a multiple core converter system. 

The grooves significantly weaken the elastic bond between elements.    Each 

matrix element is a dual-layer core converter with an approximate quarter- 

wave layer thickness and a plane of zero displacement along the uniform 

layer.    Plate materials are steel,  aluminum and brass.    The second matrix 

type is a simple configuration in which the piezoelements are bonded into 

a uniform system by self-setting plastics to attain satisfactory strength 

and hermetic sealing.    The third matrix was prepared by pouring an 

organosilicon hermetic seal between the piezoelectric elements.    Transient 

characteristics data for the three matrix types (typeB 1 and 3 containing 

2500.  and type 2 5776 piezoelectric elements) reveal good image threshold 

values from simple test models,  and support the application of the mati 

as mi.limeter and microwave ultrasonic image convert« 
trices 

cers, 

I 

Mel'nichenko,  I.   P.    Effectiveness of 

using a boundary layer as a working 

body.    PM,  no. 10,   1972,  129-132. 

A theoretical evaluation is presented of the external 

efficiency TJ of two ramjet engine configurations from the standpoint of 

using the boundary layer to attain the highest possible body speed in a 

continuous medium.    The bounaary layer is defined as the wake formed along 

a body.    A ramjet engine design which uses the boundary layer as a working 

body   for attachment in the leading edge region is compared with a design 

which achieves the attachment in the trailing edge region.    Analysis of the 
thrust power balance 

P = P    + P 
T + ^L (1). 

where PT is the engine thrust power and P    is the exit loss,   yields V = P   /P 

for both engine designs,  as a function of the thrust power fraction k converted 

into the wake mechanical energy and the blowing rates ß    in the boundary 

layer and ß in the jet stream.    The T) formulas for the two designs were 
-137- 
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combined into a single design formula 

2c. 
v + w (2) 

where v and w are the moduli of the body absolute velocity and the relative 

effective detachment velocity,  respectively.    Assuming identical structural 

geometry and equal k, w,  and ß for both engine designs, the ratio of 

structural velocities is given as 

(3). 

At the limit of ß-^ß^ and high Reynolds numbers,  Eq.  (3) 

gives the value V1/V2«1.42 for a streamlined axisymmetric body.    It is 

concluded that the design using the boundary layer as a working body is 

more advantageous for high propulsion velocities. 

Grekhov,  I.  V.,  M.   Ye.  Levinshteyn, 

T.  V.  L'vova, A.   Ye.  Otblesk, and A.  I. 

Serbin.    Silicon injection modulator of 

infrared radiation.    FTP,  no.  7,  1972, 

1327-1334. 

The performance of silicon injection modulators of infrared 

radiation was experimentally and the Dretically investigated.    Tests were made 

using two specimens of geometrically similar n-type silicon specimens,with 

a specific resistance of 50 to 70 ohm x cm{no «10    /cm ).    The p-n- 

transitions were generated by boron diffusion from borosilicate glass, 

formed on a silicon plate.    Boron surface concentration after diffusion was 

~10l9/cm3.    One of the diffused layers was removed after diffusion by 

polishing    and an R^" contact (a type 1 diode) was made on this surface by the 

standard chemical techniques of nickel plating and brazing.    The type 2 diodes 
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had n+type contacts which were obtained by diffusing phosphorus from 

phosphorosilicate glass; phosphorus surface concentration after diffusion 

wasl020/cm3.    Polished specimen edges were flat.    The n-base thickness 

of both specimens was 390 ^  and the p-n-junction     depth was 50 »l.    The 

nln-junction      depth was 8 n in type 2 diodes; diode length was Zo~3. 5mm. 

Hole lifetime in the n-base was 25 |»MC.    Experiments were conducted in 

the device shown in Fig.  1.  using a C02 laser (X - 10.6 ^m).  and result« 

Fig. 1.    Experime. cal device.    I- laser; 
2- gap; 3- specimen; 4- metal shield; 
5- chopper; 6- photodetector; 7- voltmeter; 
8- broadband amplifier; 9- oscillograph; 
10    13- pulse generators; 11,   14- emitter 
followers; 12- delay line; 15- pulse transformer. 
In the upper-right hand corner is a typical 
specimen configuration. 
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,      t - 80% modulation of a 400 f. width light heam 
were plotted.   For k - 80% mo 2 ^ ^ ^ ^ _50 a/cm 

the re,oirod cu-ent density J^   ^ _ ^ ^   ^ t . ^ an<i r - c; >. sec     At T = 0. 2 Hisec and 

in . pol„ed regime a. 'J^^^ rate Waa -^ p.«../.« 

Jo . l0 a/cm . ^epe-".       P ^ ^^ loi injection modnla.or 
2     ,. ^miasible pulse repetuion wm* -- 

j   . 10 a/cm . the P"mi;8'b eJ ted £or injection modulator 
A-10%.    A generalised method - -« Calcalati„n. »d 

calculation, in the continuou. a. well a. pul» -d 
experimental reault. were in good agreement. 

A     T3      I    I.  Kalinin, A.  L- Ivanov, A.  P. .  i-  i'  ^>'<,• 
j T    n   Sherbaf.    Spatial - Skrelin,  and I.  D.  aneru*       __c  

nf lioht tjulses in water. HT^P atru-a^" "fliegt put  
TZ Q    1Q72    884-890. FAiO.  n'     8,  Wr*i 

ment8 are reported of the effect of sea 
ShnM^::r;rIn   ^conjuration geometry on the 

„ater .ptieal parameter, and exper ^^^ ^ detector 

time structure of reflected la.er ^        ~'    ^ „M he slated 
„evice. were installed on a hort.onta     ro.sh a ^ ^^ ^ 

relative to each other for «^ ^^ 8:binerged at various depths 
.xe. were oriented on the target   wh cro88beam wa9 hung on the 
in relationship to the emitter-detector ^     ^ ^ iource wa8 

ship's boom and lowered hy a -^"'^ doubler.    The radiated power 

a Q..witcned neodymium l"";'th/   40 nsec pulse duration, heam angle 

at 5bo nm wavelength was 100 Kw ^"^ plane.paraUel glass plate, 
» ^n1      Using a semitranspare"«- ^ i- 

of divergence was 20 .    Usx g ^^^ ^   & coaXlal 

the portion of the emission ***** T^tion pulse parameters, 
photoelectric cell to control the senso P^ ^^ ^ ^^ ^^ 

The light detector comprised ^ ^ hr&gm and light filter 

an .perture ratio ^'^^omJ^.    P-ing ** -er- 
circuit. a polarizatxon Ught hlter 
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changeable diaphragm circuit in the objective focal plane permitted 

variation of the detector aperture angle from 17' to 56".    The polarization 

light filter was rotated or held in two mutually-perperdicular positions 

to investigate the polarization characteristics of emissions from the water. 

The function Y(t) = F(t)/Wo was analyzed, where F(t) is the UgU flux 

diffusion and Wo is the output pulse energy.    In clear waters,   Y(t) agrees 

with the transfe" function given earlier by the authors (FAiO, 6,  9,  1970), 
which characterizes the time dependence of the intensive scattering medium 

of a 6-pulse energy unit.    Data reported by Timofeyeva et al (FAiO,  2. 3,  1966) 

were used for the sea water scattering indicatrix.    Figure 1 is a plot (five 

similar plots are included) of Y/Ymax as a function of depth for a submerged 

1 m diameter target with a reflection coefficxent of 0. 46.    The detector 

aperture angle in the figure is 17' and the emitter-detector interval is 

3.14 m.    The condition is analyzed when the emitter-detector optical axes 

intersect in the plane of the target.    Test data are based on averaging 5 

to 10 osculograms, 

H-MH 

m ion 
t, HCil 

','c   W 

as a function Fig. 1.    Dependence of Y/Y 
of various depths (II).    The atfehuation mdex =1 
0  25 m_1 and the absorption index is 0. 05 m     : 
1- parallel polaroids,  2- crossed polaroids, and 
3- without polaroids. 

-141- 

1 

V 
—~—~- 



Yeshchenko,  S.  D. ,  and B.  Sh.   Lande. 

Radar imaging of sea surfaces.    RiE, 
no.  8,  1972,   1590-1597. 

Theoretical and experimental data on microwave radiation 
reflection from a sea surface are presented.    Relationships are derived 

which show that when the wave parameters of velocity,  upper and lower 

limits of capillary wave spectra, ana the spatial q-factor are varied in 

sea surface zones,   the radar images should differ from zone to zone as 

a function of the mechanism of capillary wave spectra development; in actuality, 
the capillary waves are normally formed as a result of the simultaneous 

effects of several mechanisms.    Experimental data were recorded to support 

an investigation of radar signals in steady and transient wind and sea states; 

specifically in a windless and calm sea state,  in a mild wind state of irregular 

direction, and in a steady wind and two-dimensional wave state at a stage 

of moderate seas and strong storm swells.    Airborne radar measurements 

were made in the 2 and 3 cm wave range with vertically polarized signals. 

Multiple passes were flown over the sea surface at varying angles of 

illumination in relation to the sea wave front, wind direction,  and various 

hydrometeorological conditions.   Aerial photographs of the surfaces were also 

recorded for comparison; flight altitudes were from 500 to 200 m at speeds 

of 450 to 550 km/hr.    The receiver-recorder channel was calibrated before 

each flight to achieve sequential measurement of signal strength by photometric 

radar imagery.    Wave surface reflected signals were recorded in a side- 

looking mode using an electronic photorecorder,  providing photographic 

signal storage and simultaneous shaping of large-scale radar images.    This 

procedure allowed the measurement of signal strength as well as an evaluation 

of the configuration and dimensions of zones with varying intensity.    Vertical 

radar images were formed in range-path coordinates,  with an experimental 

range of 15 km and an image expansion along the flight path of units and lens 

X 
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of kilometer«. 

The experimental data show that 2 and 3 cm wavelength 

sea surface reflected signals are associated with the presence of capilla-y 

wave saturated components on wave crests, which are also in the saturated 

portion of the spectrum.    Conclusions are:   I) Sea surface microwave 

scattering has a selective characteristic mainly due to the wave field 

saturated components with highest amplitudes.    This affects the radar 

signal strength; 2) The surface zone configurations containing the saturated 

components, as a function of the capillary wave formation mechanism,  are 

variable but with narrow boundaries.    This supports the use of the given 

formulas and also verifies the finding of Phillips (Dinamika verkhnego 

sloya okeana,   1969) on the restricted range of upper and lower boundaries 

of capillary wave saturated components; 3) The saturated spectra components 

of resonant capillary waves are correlated with the crests of large 

saturated gravitation waves,  which confirms the periodic structure of sea 

surface radar images. 

Chebotayev,   V.   P.    Unconstricted linear 

direct-current glow discharge at atmospheric 

pressures.    DAN SSSR,  v.  206, no.  2,   1972, 

334-336. 

A steady continuous uniform discharge of direct cur?.-ent 

was generated in subsonic and supersonic gas flow at pressures between 

I and 2 atm.    Tests were conducted in several types of discharge tubes 

up to 4 cm in diameter and 20 cm in lengthen most cases containing helium. 

The chambers were designed so that air,  CO, or N, could be added.    The 

length of the discharge was dependent on the size of the power supply.    At a 
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gas pressure exceeding 1. 5 atm,  the dischc rge in the tube became uniform 

in cross-section.    The discharge glow at high pressures was similar to 

that generated at low pressures.    With   increased   tube gas velocity the 

glow intensity decreased and became less uniform due to gas compression 

and dilution in the flow.   A uniform cross-roction unconstricted discharge 

was studied in various types of ^as flow using subsonic and supersonic nozzles. 

It was established that the flow turbulence did not affect the uniformity pattern 

of the discharge.    When the discharge current was increased,  it was however    . 

necessary to also increase the flow velocity to maintain discharge uniformity. 

Rapid changes in the gas state affected the thermal processes and 

decoustriction of the discharges.    The cited results are applicable to high- 

pressure gas lasers, the study of plasma,  and to properties of subsonic and 

supersonic flows. 

Batenin,  V.  M. ,   V.  S.  Zrodnikov,  I.  I. 

Klimovskiy,  and N.   I. Tsemko.    Mechanism 

of propagation from an shf discharge in air. 

ZhETF,  v. 63,  no.  3,  1972,  854-860. 

Effects are studied of plasma nonequilibrium in a discharge 

on the velocity of ionization front movement in strong shf fields in air under 

atmospheric pressure.   An electromagnetic wave occurs in front of the 

discharge in an area heated by gas thermal conductivity.    The electromagnetic 

wave is composed of the incident wave and the wave reflected from the plasma 

plug; the reflection coefficient is ~25% according to experimental data. 

It is assumed that discharge movement is governed by the breakdown of heated 

gas,  and the ionization temperature by the electric field in front of the d scharge 

Qualitative comparison of experimental and theoretical data confirms the role 

of the breakdown mechanism in ionization development. 
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Since it was not possible to obtain accurate data on the 

reflection phase,  the computed values of discharge movement velocities 

are not uniform.    The authors therefore conducted a series of experiments 

aimed at analyzing the velocities of discharge movement in a region with 

a uniform magnetic field of three possible orientations:   HIE,  HJ.u; H±E. 

Hllu; and HLLu,  HUE. 

The magnetic field of any chosen orientation should not 

affect the thermal conductivity heating of gas in front of the discharge. 

However, when the discharge moves due to gas heating in front of the discharge 

and ends in a breakdown,  the magnetic field may affect the discharge movement 

only under the condition HIE.    The authors conducted additional experiments 

in a 6.5 cm discharge tube,which was calculated for optimal performance, 

excluding the impact of the ionization breakdown mechanism. 

The experiments with magnetic fields and discharge tubes 

of diverse diameters corroborated the assumption that the mechanism of 

shf discharge movement can be of a two-step type and occur in the thermal 

conductivity heating of gas in front of the discharge with a subsequent break- 

down.    The process and its nature depend on gas pressure and electric field 

strength.    Even at high gas pressures,  the breakdown mechanism may be 

dominant whenever the incident wave field strength is substantial. 

■ 

The cited mechanism differs from the model developed by 

Rayzer (ZhETF,  61,   222,   1971) which is based upon similarity with flame 

propagation in a combustible mixture, when the temperature of ionization 

jump under the condition of equilibrium heating is determined by the thermal 

gas ionization. 
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Gabovich,  M.   D. ,   P.   D. Starchik,  and 

V.  F. Semenyuk.    Transportation of 

plasma flux by magnetic fields of up to 

100 koe.    UFZh,  no.  3,   1972,  353-355. 

The article presents an experimental study of plasma 

flux in a relatively strong magnetic field, when both electrons and ions are 

magnetized under the condition 0 «0.«R, where p^ is the Larmor radius 

of electrons, p.is the Larmor radius of ions,  and E      the outlet radius. 

The object is to show that it is feasible to transport pi \sma by ion- 

magnetizing magnetic fields. 

The plasma flux along a magnetic field to 100 koe intensity 

flowed from the pulsed discharge gap into a vacuum region.   Argon or helium 
-2 

at 1.0      torr was used in the discharge chamber.    The helium plasma ion 
12      -3 

component (density = 3x10    cm     ) in a 80 koe magnetic field propagated at 

a velocity of v+«10  cm/sec,  and the argon plasma ion component (density - 
12      -3 5 

8x10    cm    ) at a velocity of s.5xl0    cm/sec.    Figure 1 shows a relationship 

for collector ion current.    The results reveal that in the 80 koe field the 

1 mm flux plasma propagates more than 100 mm almost without diffusion.    The 
_2 

Larmor radius of helium ions(l ev at H = 80 koe) is ~5xl0      mm,   considerably 

smaller t!ian that of the outlet radiua.    Even at H = 40 koe,  the flux of 

emerging ions is concentrated in a cone whose apex angle is^l  .    The 

experiments with argon yielded similar results,  i.e.  the flux similarly 

propagated without diffusion even at H = 40 to 80 koe,  and the cone apex 

«ingle did not exceed ~l   . 

Ic/fe 

m 

U 

o 
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-i I A 
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Fig.  I.    Relationship of collector ion 
current at a point z to a corresponding 
current at z = 5 nm away from the 
magnetic field z - coordinate.    Magnetic 
intensities (H):   1 = 180 koe; 2-70 koe; 
3 = 60 koe; 4 = 50 koe; 5 = 40 koe. 
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